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ABSTRACT 
The purpose of this study was to determine the prevalence of neurological 
symptoms among printing workers and the association of such symptoms with organic 
solvents exposure. 
The study covered 28 printing factories out of the target population of 285 
printing plants with an employment size of over 20 in Hong Kong. A total of 984 
workers participated. Each worker was interviewed about job history, general health, 
and work-related symptoms by using a questionnaire on neurological and general 
symptoms. Solvent exposure for each subject was defined as (1) exposed or non-
exposed based on the worker'sjob title and (2) according to the air sampling results of 
his work place. 
The solvent exposed group had significantly more eye, airway, and 
neurological symptoms than the non-exposed group. The main general complaints 
with significant difference were shortness of breath (Odds Ratio [OR]=2.72), poor 
appetite (OR = 2.47), nasal irritation (OR = 2.39), frequent cough (OR = 1.83), rough 
skin (OR = 1.62), and irritation in eyes (OR = 1.49). The main neurological symptoms 
were reduced sense of smell (OR = 3.70) and taste (OR = 2.71), drunken feeling (OR 
=3 .28) , unusual smell (OR = 2.28) and inability to concentrate (OR = 2.25). 
Furthermore, the exposed group had a significantly higher average number of 
symptoms per worker (9.3) than the non-exposed group (7.3). 
A total of 142 air samples were collected. N-hexane and toluene were the 
major components of these samples. N-hexane and toluene exceeded the American 
Conference of Governmental tidustrial Hygienists (ACGffl) Threshold Limit Value -
Time Weighted Average (TLV-TWA) in 4 and 6 air samples respectively. 
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Workers who were exposed to higher levels of organic solvents in air generally 
had a higher prevalence of symptoms. For n-hexane and toluene, exposures above the 
TLV-TWA were associated with higher average number of symptoms per worker. 
When multiple logistic regression analyses were performed, solvent exposure 
and overtime work remained as significant risk factors after adjusting for potential 
confounding variables. In addition, overtime work was also found to be an important 
risk factor for many symptoms. 
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CHAPTER 1. INTRODUCTION 
Organic solvents have been widely used in various industrial processes since 
the middle of the last century. They are a class of industrial chemicals that have the 
potential for significant human exposure. This is due, in a large part, to their volatility; 
that is, they change rapidly at ambient temperature from liquids to gases which may be 
readily inhaled and absorbed. 
Health effects of organic solvents on the nervous system have been of great 
concern in the Scandinavian countries for decades, but the health effects of solvents 
on workers have been basically neglected in Hong Kong until an outbreak of 
polyneuropathy in a printing factory in 1991 affected 17 printing workers (Appendices 
A1 and A2). A survey on n-hexane neuropathy among offset printers (Chang et al., 
1993) was conducted following the reported outbreak. 
Following the incident in 1991, peripheral polyneuropathy induced by n-
hexane or methyl-n-butyl ketone (MnBK) was recognized as one of the compensable 
occupational diseases in Hong Kong (Appendices A3 and A4). By the end of 1991，53 
cases were reported and confirmed (Hong Kong Government, 1992). 
Although neurological symptoms have usually been regarded as the earliest 
health effect from solvent exposure (Axelson and Hogstedt, 1988), they are usually 
very non-specific and can be confounded by medication, alcohol consumption, 
smoking and psychological stress (Johnson, 1987; Triebig et aL, 1988; Estrin and 
Parry, 1990). 
Differences in case definition, methods of exposure assessment, study design, 
and strategy of analysis have further complicated the interpretation of a causal 
association between subjective symptoms and solvent exposure. Thus, it is not 
/" 
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surprising that subjective symptoms alone have not been regarded as a general tool for 
the early recognition of solvent hazards. 
On the other hands, questionnaires of subjective symptoms are inexpensive 
and convenient to administer at the workplace, and the development of standardized 
questionnaires may be worthwhile. In combination with good epidemiological design 
and analysis, they have found to be useful for the early detection of solvent 
neurotoxicity (Husman, 1980; Struwe et al., 1980; Edling, et al., 1993). 
Employers in the printing industry concem very much about the quality of 
their printing products. They usually install central ventilation or air-conditioning 
system in the printing factories in order to avoid dirt from outside . However, exhaust 
ventilation is generally not appropriately designed or installed. It is believed that 
workers exposed to solvent mixtures in the printing workshops might suffer from 
neurotoxicity. 
A cross-sectional study was planned to determine the prevalence ratios of 
abnormal neurological symptoms among printing workers and the relationship 
between such symptoms and exposure to solvents, ln addition, the present study also 
examined the exposure-response relationships between symptoms and exposure after 




CHAPTER 2. BACKGROUND 
2.1 OUTBREAKS OF SOLVENT EVJDUCED NEUROPATHY IN MAN 
As earlier as in 1856，French physician August Delpech discovered that 
workers from a small balloons manufacturing workshop exposed to carbon disulfide 
suffered from insomnia, frightening dreams, extreme irritability, sexual difficulties, 
outbursts of ferocious rage and even committed suicide (Delpech, 1863). 
The improvements in occupational hygiene and the general lowering of 
exposure levels after 1856 led to a reduction in the number of reported cases of toxic 
organic psychosis. However, in the early 1970s, the attention on the health effects of 
carbon disulfide was drawn back when Hanninen reported that exposed workers 
performed significantly less well than non-exposed workers in a battery of 
psychological tests (Hanninen, 1971). 
Furthermore, outbreaks of neuropathy possibly attributable to n-hexane and 
MnBK have been reported from all over the world during the past three decades 
(Spencer et al., 1980) (Table 2.1). The occupational toxicity of the hexacarbons was 
first recognized in the 1960s in Japan when an outbreak of peripheral neuropathy 
occurred in industries which involved the use of organic solvents (Oishi et al., 1964; 
Yamada, 1964; Yamada, 1967; Edaet al., 1969; Inoue et al., 1969; Yamamura, 1969). 
Hexacarbon-induced peripheral neuropathy associated with printing processes was 




























































































































































































































































































































































































































































































































































































































































































































2.2 WORLD-WEDE INVESTIGATIONS ON ORGANIC SOLVENTS HAZARDS 
The health impact of workplace solvent exposure remained as an important 
issue during 1970s and 1980s. Numerous studies were conducted in different 
countries all over the world during this period. Most of the published reports 
originated from the Scandinavian countries including Denmark, Finland, Norway and 
Sweden. 
The attention of the early investigators was mainly on the acute effects of 
solvents because workers were usually accidentally exposed to high concentrations of 
solvents (Axelson et al., 1980; Cherry et al., 1980; Baelum et al., 1982; Edling & 
Ekberg,1985). 
The chronic effects of organic solvents have been the subject of intensive 
research over the past two decades. A study by Axelson et al (Axelson et al., 1976) 
first suggested that workers occupationally exposed to solvents had a higher risk for a 
disabling neuropsychiatric disease. Since then, a large number of reports on chronic 
solvent neurotoxicity have been published (Olsen and Sabroe, 1980; Mikkelsen, 1980; 
van Vliet et al., 1989，1990; Parkinson et aL, 1990; Bolla et al., 1990; Brackbill et al., 
1990; Gupta et al., 1990). 
Studies from Scandinavian countries have reported non-specific symptoms of 
central nervous system (CNS) dysfunctions such as headache, forgetfulness, insomnia, 
abnormal fatigue, difficulty in concentrating, leaming and remembering, and 
personality changes among workers with long term exposure to solvents (Lindstrom, 
1973，1980; Axelson et al., 1976; Hanninen et al., 1976; Hanninen, 1978; Arlien-
Soborg et al., 1979; Elofsson et al., 1980; Flodin et aL, 1984; Gregersen et al., 1984; 




been reported from other countries (Cherry et al., 1985; Valciukas et al., 1985; 
Guberan et al., 1989; Brackbill et al., 1990; van Vliet et al., 1990). 
Early reports of chronic effects on the CNS as a result of long term exposure to 
organic solvents led to a considerable debate on the topic and a growing concem 
among different professions about the risk of working with organic solvents 
(Hanninen, 1971; Lindstrom, 1973; Axelson et al., 1976; Knave et al., 1976; Hane et 
al., 1977; Grasso et al., 1984; Spencer an Schaumburg, 1985; Errebo-Knudsen and 
Olsen, 1986). Most of the studies conducted in Nordic countries disclosed significant 
differences between exposed and non-exposed workers with regard to performance on 
psychological tests and to neuropsychiatric symptoms but studies in United Kingdom 
(Cherry et al., 1985) and Germany (Triebig，1989) did not. Such different results were 
probably due to the differences in diagnostic criteria and the use of different study 
methods. 
The diagnostic criteria for solvent intoxication vary considerably in different 
countries. Some countries adopt strict requirements of neuropathologic evidence in 
terms of structural changes of the nervous tissue and may result in the loss of some 
cases (Spencer and Schaumburg, 1985). On the other hand, some countries employ 
subjective symptoms as the basis for diagnosis which probably will lead to 
overdiagnosis of cases (Clemmesen et al., 1991). Solvent intoxication has been 
reported most often in Scandinavia, where it is a compensable occupational illness. 
Among Scandinavian countries, solvent neurotoxicity has been diagnosed more 
commonly in Denmark than elsewhere (Flodin et al.，1984). 
The controversy of solvent neurotoxicity has been the subject of several 
international conferences; for example, the WHO meeting in Copenhagen, Denmark / 
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in June, 1985 (WHO, 1985); the International Solvent Workshop in North Carolina of 
the United States in October, 1985 (Baker and Seppalainen, 1986; Cranmer and 
Goldberg, 1987)，XH Litemational Congress on Occupational Health in Australia 
(Baker, 1987) and the Fourth titemational Symposium on Neurobehavioral Methods 
and Effects in Occupational and Environmental Health (Gilioli, 1993). 
/.. 
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2.3 HEALTH EFFECTS OF ORGANIC SOLVENTS 
Organic solvents can enter the body through skin contact, inhalation or less 
often, through ingestion. Although solvents may be eliminated from the body through 
exhalation, biotransformation and excretion ultimately, some of them may be 
accumulated in different forms in different parts of the body such as the brain, liver, 
and kidneys and would eventually, cause damages to these organs. 
Usually, workers are exposed to mixtures of solvents at work, such as lacquer 
thinners, petroleum ether, white spirit, and greasing oils. This gives rise to additional 
difficulties in toxicological research in occupational health since very little is known 
about the possible interactions of different components of solvent mixtures. 
The toxic effects of organic solvents may be acute or chronic depending on the 




2.3.1 Effects on the Nervous System 
A number of solvents or solvent mixtures have been found to be associated 
with nervous system disturbances. Although much work has been done, substantial 
uncertainty still exists, particularly with regard to the effects on the central nervous 
system of long-term, low-level exposure to solvents. 
Solvents may exert their primary effect on the CNS, the peripheral nervous 
system (PNS), or both. CNS effects are typically investigated with behavioral tests or 
electrophysiologic evaluations. While PNS effects may be investigated by clinical 
evaluation, electrophysiologic examination, and histopathologic examination of 
biopsy specimens. The effects of occupational solvent exposure on the PNS are more 
clearly defined and easier to identify than those of the CNS, due to the relative 
simplicity of both the structure and function of the PNS (Gerr and Letz, 1992). 
(a) Peripheral Nervous System 
There are a few solvents which have been definitely shown to cause peripheral 
neuropathy in the occupational setting. They include carbon disulfide, n-hexane, and 
MnBK. Other solvents suspected of having peripheral nerve effects include styrene 
and tetrachloroethylene (Spencer and Schaumburg, 1985). Exposures to n-hexane and 
MnBK cause changes in peripheral nerves characterized initially by axonal swelling 
and focal demyelination in the distal regions of the longer, larger axons. With 
progression, degeneration of the entire axon occurs distal to the site of axonal swelling 
(Thomas, 1980; Seppalainen, 1988). 
Both n-hexane and MnBK share a common metabolite, 2,5-hexanedione, 
universally believed to be the peripheral neurotoxicant responsible for hexacarbon-
induced peripheral neuropathy. 
/ 
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Li the occupational setting, the onset of symptoms is usually gradual. The 
initial complaint is usually symmetric numbness of the fingers and toes, general 
malaise, muscle pain, headache, dizziness, and anorexia (Huang et al., 1991). Loss of 
cutaneous sensibility to light touch, vibration, pin prick, and temperature are present 
on physical examination. Severe disease can include motor weakness and atrophy 
(Buiatti et al., 1978). 
A characteristic feature of hexacarbon-induced peripheral neuropathy is the 
tendency for the disease to progress for up to 4 months following cessation of 
exposure. There is no specific treatment, and the degree of recovery is inversely 
proportional to the severity of disease. 
Neuropathies were reported among printers who were occupationally exposed 
to n-hexane in Hong Kong in 1991 (Appendices A1 and A2). This disorder was 
characterized by numbness in the hands and feet and might progress to muscle 
weakness and lack of coordination, 
(b) Central Nervous System 
A great deal of controversy exists regarding the toxic effects of solvents on the 
CNS. Much of the controversy is probably attributable to the use of confusing 
terminology and inconsistent diagnostic criteria to describe CNS impairment. 
The first basic distinction in the classification scheme proposed by the WHO 
was acute versus chronic. Acute effects were graded as mild (acute intoxication) or 
severe (acute toxic encephalopathy). Chronic effects were classified as mild, 
consisting mainly of affective changes and loss of concentration (organic affective 
syndrome); moderate, with some impairment of neurobehavioral functioning (mild 
/ 
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chronic toxic encephalopathy); or severe, with significant loss of intellectual function 
(severe chronic toxic encephalopathy) (WHO, 1985). 
A second classification scheme proposed by Cranmer and Goldberg was 
similar, except that specific names for the classifications were avoided (type 1, 2，and 
3 were used instead) and the mild chronic conditions were subdivided into those 
having primarily affective or primarily cognitive dysfunction (Cranmer & Goldberg， 
1986). 
Acute Effects 
Acute effects of exposure to solvents are pharmacological and their intensity is 
generally proportional to their concentration in the brain. Higher intensity exposure 
may result in prenarcosis symptoms such as dizziness, nausea and vomiting, in-
coordination, paresthesia, increased salivation, and tachycardia. The symptoms are 
generally transient, disappearing quickly after exposure is terminated. Overexposure 
can lead to convulsions, coma, and death in severe cases. 
At least 50 experimental studies of the effects in humans of acute exposure to 
solvents have been published and reviewed (Gamberale 1986; fregren, 1988). The 
most-studied solvents were toluene, xylene, styrene, trichloroethylene, 
perchloroethylene, and methylene chloride. The acute effects of most solvents were 
narcotic; thus, decrements of performance on tests of attention and reaction time have 
been reported most often (Anger, 1990). 
4 
Chronic Effects 
Chronic exposures to organic solvents have been reported to produce an 
increased frequency of neurological signs and symptoms such as fatigue, irritability, 
loss of memory, sustained changes in personality or mood, and decreased learning and 
/ • 
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concentration abilities. Furthermore, prolonged excessive exposure to organic solvents 
might lead to premature and persistent dementia in certain workers. 
Several recent papers, predominantly from Denmark, Finland, and Sweden, 
claimed that prolonged occupational exposure to various solvent mixtures induces 
irreversible changes in neurological function characterized by personality alteration, 
memory loss, intellectual decline, autonomic dysfunction, and low-grade peripheral 
neuropathy. This type of mild dementing illness (psychoorganic syndrome, mental 
organic syndrome, chronic toxic encephalopathy) was considered to develop after ten 
or more years of occupational exposure. The condition was stated to be progressive 
during exposure and to plateau once exposure had been terminated. 
Behavioral changes might be the first indications of damage to the nervous 
system. An individual might first experience vague feelings of anxiety or nervousness; 
this might progress to depression, difficulty in sleeping, memory loss, confusion, loss 
of appetite, or speech impairment. In severe cases, a person might exhibit bizarre 
behavior, delirium, hallucinations, convulsions, or even death. 
/ 
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2.3.2 Other Effects 
Various studies have shown that some selected solvents might cause damage 
to kidneys (Ravnskov et aL, 1979; van der Laan, 1980; Krusell et al., 1985; Lauwerys 
et al., 1985; Viau et al., 1987; Phillips et al., 1988; Harrington et al., 1989; Ng et al., 
1990), liver (Dossing et al., 1985; Redlich et al., 1988; Hodgson et al., 1989)，skin 
(Yakes et al.，1991)，reproductive function (Cai & Boa, 1981; Hemminki et al., 1982; 
Welch et al., 1988), hearing capacity (Abbate et al., 1993; Jacobsen et al., 1993), and 
vision and smell (Emmett, 1976; Mergler, 1987; Merigan et al., 1988). Furthermore, 
investigators also have shown interest in studying the effect of solvents on airflow 
obstruction (Ng and Ong, 1990)，sleep apnoea (Edling et al, 1993), and violent crime 
(Lidberg et al., 1987). 
/ 
13 
2.4 METHODOLOGICAL ISSUES IN THE INVESTIGATION OF SOLVENT 
NEUROTOXICrrY 
During the last 10 years, 5000 to 6000 articles were published on neurotoxicity 
caused by chemical agents, ranging from basic neuroscience to social sciences. The 
heterogeneous results among the different reports were at least partly a result of 
differences in methodological approaches. Indeed, different study methods and 
measurements for neurological problems were used to investigate the potential 
dysfunctions caused by solvents. Hence, a direct comparison of the results might not 
be appropriate or might not be possible (Juntunen, 1993). 
/ 
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2.4.1 Study Design 
A great number of epidemiological investigations of CNS outcomes among 
various solvent-exposed groups have been conducted. The studies were either 
registry-based studies of neuropsychiatric disability (Axelson et al., 1976; Mikkelsen, 
1980; Lindstrom et al., 1984; Guberan et al., 1989; van Vliet et al., 1989; Brackbill et 
al.，1990) or cross-sectional studies comparing exposed and unexposed groups for 
differences in the prevalence of symptoms (Table 2.2)，neurobehavioral performance 
levels (Lindstrom, 1980; Baelum et al., 1985; Valciukas et al.，1985) or the prevalence 
of abnormality on neurological (Harkonen et al., 1978; Arlien-Soborg et al., 1979; 
Juntunen et a l.，1985; Antti-Poika et a l.，1989; Schwartz et al., 1990) or 
neurobehavioral tests (Chia et aL, 1987; Baker et al., 1988; Ng et al., 1990; Lee & 
Lee, 1993). The results were almost as heterogeneous as the exposures and the 
methods used to assess outcome. 
15 
Table 2.2 Summary of studies on neurotoxic effects of solvents with aspects on 
subjective symptoms 
Exposure / population Subjective symptoms Reference  
viscose rayon + Hanninen, 1971 
car painters /mixed solvents + Hanninen et al., 1976 
house painters + Hane et al., 1977 
jet fuel-exposed workers + Knave et aL, 1978 
house painter + Arlien-Soborg et al., 1979 
styrene + Cherryet al., 1980 
spray painters + Elofsson et al., 1980 
painters and car painters + Hogstedt et al., 1980 
car painters + Husman, 1980 
solvent poisoned workers - Lindstrom, 1980 
lacquers + Stmwe et aL, 1980 
industrial painters + Anshelm-Olson, 1982 
printers + Baelumetal. , 1982 
house painters + Lindstrom et al., 1983 
solvent exposed + Gregersen et al.，1984 
dockyard painters + Cherry et al., 1985 
styrene - Edlinget al., 1985 
rotogravure printers - Juntunen et al., 1985 
organic solvents + Orbaek et aL, 1985 
painters + Valciukas et al., 1985 
floorlayers + Ekberg et al., 1986 
mixture of solvents + Winchester & Madjar，1986 
polythene printers - Chiaetal . , 1987 
construction painters + Fidler et aL, 1987 
printers and spray painters - Maizlish et al., 1987 
painters + Bakeret al., 1988 
organic solvents + Gregersen, 1988 
house painters - Triebig et al., 1988 
rotogravure printers + Orbaek et al., 1989 
solvent-exposed + van Vliet et al., 1989 
organic solvent + Morrow et al., 1990 
mixed organic solvents + Ng et aL, 1990 
electronics plant workers + Parkinson, 1990 
paint factory workers - Bleecker et aL, 1991 
organic solvent - Hanninen et al., 1991 
spray painters + Ng et al., 1992 
metal can manufacturing + Bachmann et al., 1993 
video tape manufacturing + Chiaetal . ,1993 
styrene + Edlingetal., 1993 
industrial painters + Kishi et al., 1993 
xylene vapors + Uchida et al., 1993 
paint workers + Wang et aL, 1993 
shipyard painters + Ruijten et aL, 1994 
mixture of solvents + Ukai et al., 1994 
+ : Adverse effect was observed; - : Effect was tested for but not observed 
16 
2.4.2 Exposure Measurements 
Different exposure parameters were used in different studies to estimate 
solvent exposure of workers. These included years in job, concentrations of solvents 
in the working environment (Purdham et al., 1993), production rates (Kalliokoski, 
1990)，biological monitoring, retrospective assessments on qualitative or semi-
quantitative scales. Jn addition, some investigators also examine chemical components 
of solvents used (Seedorff and Olsen, 1990; Olsen and Seedorff, 1990)，the nature of 
work task and methods (Hansen & Whitehead, 1988)，the working conditions, 
ventilation system (Breum, 1988) and the use of protective equipment. These were 





2.4.3 Outcome Effects Measurements 
The response of the nervous system to organic solvent can be classified as 
structural toxicity (general responses of the neuron and the supporting cells), 
biochemical toxicity (the effects of metabolic products of the absorbed chemical), and 
the functional toxicity (sensory, motor, and integrative functions). Most studies 
dealing with neurotoxicity have considered only one or two of these aspects and has 
led to many reports with apparently conflicting results (Savolainen, 1982; Grasso et 
al.，1984; Spencer and Schaumburg, 1985; Waldon, 1986; Errebo-Knudsen and Olsen, 
1986). Moreover, many studies have relied on self-administered questionnaires, 
psychometric tests, neurological examination, and various clinical tests to assess 
neural function. 
Generally, the methods used by most investigators to study CNS function in 
workers exposed to organic solvents involved (a) assessment of personality, e.g. 
adaptability test and emotionality test; (b) psychological investigations e.g. Wechsler 
Adult Intelligence Scale (WAIS) and psychometric test like World Health 
Organization (WHO) Neurobehavioral Core Test Battery (NCTB) (Baker et al., 1983; 
WHO, 1986), Neurobehavioral Evaluation System (NES) (Baker et al., 1985), Milan 
Automated Neurobehavioral System (MANS) (Camerino et al., 1993); and (c) clinical 
neurological examination of the CNS and the PNS e.g. symptom questionnaire for 
neuropsychiatric and neurological disturbances, electroencephalograph (EEG), 
computerized axial tomography (CAT), pneumo-electroencephalogram (PEG) and 
nerve-conduction velocity (NCV) (Tilson et al., 1980; Grasso et al., 1984). 
/ 
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Although the aforesaid tests only involved clinical, neurophysiological and 
psychological examinations, most investigators employed a wide spectrum of test 
combinations which made the results difficult to compare. 
Different symptom questionnaires were also developed and used to detect 
solvent neurotoxicity in different countries because they were inexpensive and easily 
administered at the workplace. For example, the Orebro 16-item questionnaire (Q16) 
(Hogstedt et al.，1984) and the Neurotoxic symptom checklist-60 (Hooisma et al., 
1993). Although the results of earlier investigations were somewhat inconsistent, they 
did indicate that solvents caused subjective changes in the domain of emotions, 
moods，and feelings. Some researchers believed that symptom inquiry was helpful for 
detecting the possible early effects of exposure to solvent mixtures (Husman, 1980; 
Struwe et al., 1980; Edling et aL, 1993) and a lot of studies also involved the 
examination of neurological symptoms induced by solvents (Table 2.2). 
/ 
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2.5 UNSOLVED PROBLEMS IN THE STUDY OF SOLVENT NEUROTOXICITY 
Despite recent progress and a better understanding of the problem on solvent 
neurotoxicity, several important questions still remain unanswered (Triebig et al., 
1989). 
(1) Terminology: There is a need to unify the terms used to described solvent 
neurotoxicity. People would wonder whether painter's syndrome is equivalent to 
toxic encephalopathy. The most severe condition, which has been called psycho-
organic syndrome, presenile dementia, or severe chronic toxic encephalopathy, is 
also the most controversial. 
(2) Mechanism of solvents' effect inside body: The substance or combination of 
substances in the solvent mixture that cause the neurobehavioral effects is not 
known. Are the effects of the solvent mixture or their metabolites additive, 
synergistic or antagonistic? 
(3) The underlying pathological processes in the nervous system are not known. 
(4) Dose / exposure-response relationship: Little is known of the precise level or 
duration of exposure likely to be associated with health effects. 
(5) Reversibility of disease: Will neurotoxic problems stop or get better after 
termination of solvent exposure? 
(6) Misclassification of diseases: There is a strong need for unifying the diagnostic 




2.6 ORGANIC SOLVENTS IN THE PRINTING INDUSTRY 
Organic solvents have been widely used in the printing industry. The common 
solvents being used in printing industry include thinner, petroleum spirit, diesel, 
kerosene, damper wash, alcohol, cellosolves, and ketones. They are either mixtures of 
many chemicals or, less often, a pure substance. 
Each printing process may involve the use of different kinds of ink and 
therefore different groups of solvents. The solvents are usually used as diluents or as 
cleaners for the ink residues and stains on a surface. They are mainly organic 
compounds. Some are specially used for film developing and plate developing, while 
some are specially for cleaning of inking rollers, printing plates, rubber blankets, 
moistening rollers or other parts of a machine. 
Wash-up solvents, including blanket wash and dried ink solvents, may contain 
a wide variety of volatile solvent, for example, xylene, white spirit, methylene 
chloride, 1,1，1 -trichlorethane and paraffin. 
Livestigators found that workers in printing industry have an unusual mortality 
experience (Lloyd et al., 1977) and cancer morbidity (Kay, 1976; Dubrow, 1986; 
Malker et al., 1987; McLaughlin et al., 1988). During the 80s and 90s, a number of 
studies concerning the health of printing workers who were exposed to solvents at 
workplaces were conducted (Table 2.3). The health outcomes assessed by these 
investigators varied, ranging from solvent-induced symptoms and diseases like 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.7 PRINTDs[G METHODS 
Basically, there are three kinds of printing methods, namely relief printing (or 
letterpress), planographic printing (or lithography) and intaglio printing (or gravure). 
Relief printing is carried out from a raised surface. Planographic printing is 
based on printing-image carriers on which the printing area and the non-printing areas 
are practically in the same plane. Intaglio printing is printing from a recessed surface 
(Figure2.1). 
/ ' . 
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Ink RoHer ^ffBBSf^ 
Umk 
Ink on top of raised surface ^SBBBS 
1 ^ ^ ^ ¾ 
The Letterpress principle 
lnkRoller J^Sjj^ DampRoUer 
Ink and water on flat surface ^^^^^^y ('^^^ ) 
M ^ M ^ I 
The Photo-Lithography principle 
• I 
1 
•' I • i 
‘ i 
Doctor Blade , HgSBBM 
for removing surplus ink ^^ WB|SBK^By 
Ink in recessed areas jf^ ^¾¾¾¾¾¾^ 
J M M M ^ 
The Photo-Gravure principle 
Figure 2.1 Basic principle^of printing. 
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2.8 OFPSET LITHOGRAPHY 
Offset lithography is an universal printing method because it can produce a 
wide range of products. Among them are advertising and sales promotion material, 
forms for business, stationery, labels, maps, greeting cards, posters, books, magazines, 
newspapers and package materials. 
The advantages of offset lithographic printing are: (1) it gives a softer 
appearance to the printed picture than relief printing; (2) it can be used on a wide 
variety of printing papers and other stocks including paper boards and coated papers; 
(3) it is suitable for long printing runs without plates wearing out; (4) the image carrier 
and the printed image are both on right-reading direction which are easier to check 
than wrong-reading ones; and (5) it is suitable for printing of fine or minute detail 
because ink film is split twice during the printing process, one between plate and 
blanket and one between blanket and printing stock. 
/ 
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2.8.1 Principles of Offset Lithography 
Offset lithographic printing is different from other types of printing in a way 
that the image is not printed directly from the printing plate onto the paper, but is 
taken from the plate onto a blanket and then transferred to the printing paper. 
Offset lithography is a planographic process in which the printing and non-
printing areas of the plate are on the same level. The printing image on these plates is 
ink receptive; the non-printing areas are water receptive. Jn every printing cycle, the 
printing plate is first dampened with water (or sometimes a mixture of water and 
alcohol), then is inked. Hence, the non-printing areas remain receptive for the 
dampening solution and repellent to the printing ink, whereas the printing areas are 
ink receptive and repellent to the dampening solution. 
/ 
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2.8.2 Image Carriers for Offset Lithography 
There are four manufacturing stages to convert original images into 
lithographic plates to perform printing. They are photography, litho-art, stripping and 
plate making. 
Photography is to convert original images into printable images and provide 
transparent intermediates for photomechanics. Highly skilled lithographic craftsmen 
from litho-art department will translate customers' art into reproducible form, correct 
flaws in the product of the camera or flaws in press plates, and correct tone and color 
if necessary. 
Stripping and plate making are closely related operations. The stripping 
department is responsible for the correct assembly of the stripped flat (Figure 2.2). 
The flat can consist of a single unit or of a considerable number of units, and it may be 
an assembly of negatives or of positives, depending on the type of press plate for 
which the assembly is prepared. 
Plate making is the final phase in the conversion of original images into 
lithographic printing-image carriers. The product of lithographic plate making is a 
single-unit or integral image carrier where all images are completely assembled as 
they will appear on the printed sheet or web. 
Different plates are used according to the different purpose of printing job. 
Most of the printing factories from the present survey used presensitized plates. 
Presensitized plates are exposed with photographic negatives in a vacuum frame. 
Exposure hardens the image areas of the plate. When developer solution is added to 
the plate, the unexposed non-image areas are being removed while the hardened 
image areas remain on the plate. After development, the plate is rinsed clean with 
• 
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water. Then the plate is ready to be put on the press after it is gummed up by gum 
arabic. 
Li some large scale printing factories, workers from different departments have 
very clear cut job duties. For example, some only have to work on assembling the 
stripped flats or preparing the printing plates. However, workers from small printing 
factories usually have to do the whole process on preparing the printing plates. 
/ “ 
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Figure 2.2 A craftsman is assembling the prepared material 
for plate making. 
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2.8.3 Lithographic Presses 
Offset lithographic presses are best divided into the two broad groups of 
sheetfed and roll-fed (or web-offset) presses. 
Sheetfed offset presses (Figure 2.3) are made for the printing of one to six 
colors in a large range of sizes. Most of the sheet-fed offset presses print one side of 
the sheet only and the paper are fed one by one into the presses. 
Web offset is a high-speed mass-production method. It is usually used in 
newspaper and magazine printing. Web-offset presses (Figure 2.4) printed on both 
sides of a roll of paper and can be fitted with ancillary equipment such as collators and 
folders so that completed work can be delivered at the end of the machine. 
i. 
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Figure 2.4 A web offset press. 33 
2.8.4 Printing Process 
The printing processes for both sheetfed and web-offset presses are the same. 
To illustrate the process briefly, a general monochrome sheet-fed offset printing unit 
will be described. 
A single colored offset press consists of a plate cylinder, a transfer (blanket) 
cylinder, an impression cylinder (there are no impression cylinders in blanket-to-
blanket machines), inking and dampening units, plus sheet feed and delivery control 
mechanisms (Figure 2.5). 
The printing plate is first put on and positioned. The press is then adjusted for 
stocks or various thickness by changing the position of the blanket cylinder relative to 
the impression cylinder. Ink is mixed well. The dampening unit is set. The paper dmm 
is then loaded onto the appropriate position with the help of a forklift trucks. 
Once the press is switched on, the printing plate is first dampened by passing 
under the damping rollers, then inked by the inking rollers. A wrong-reading image is 
transferred to the surface of the blanket covering the transfer cylinder. The paper to be 
printed is passed between the blanket cylinder and the impression cylinder to receive a 
right-reading printed image (Figure 2.6). 
During each revolution of the press, the ink image is produced on the plate 
cylinder, transferred to the blanket cylinder, and finally applied to the printing stock. 
The roller-operated inking units provides the image carrier with the requisite ink film. 
The dampening unit applies a controlled amount of fountain solution to the plate and 
thereby ensures that the non-image areas of the plate remain ink repellent during the 
following inking of the plate. 
/ 
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Colors and images of the printed product have to be checked constantly. In 
order to ensure good quality printing, the printing plate and the blanket cylinders are 




^ ^ ^ ^ ^ ^ ^ ^ ^ : ^ S l ^ not s.rfoce 
^ ^ ^ ^ ^ ^ } - 一 ( p . a t e ) 
( f e e d e r ) ^ ^ ^ = ^ N ^ ' ^ ^ ^ ! ^ ^ ^ ^ " “ ^ v V , _ e r ( d a m p e n e r ) 
i^^K^ ( ^ ^ ) ( ^ ^ ^ 二 二 (bl'nket) 
( t r a n s f e r ) V ^ " - ^ % ^ '^"- ^ > < = ^ — i m p r e s s i o n cylinder ( i m p r e s s i o n ) 
^ ^ ^ - P ^ K 
X ^ ^ l • A x ^ v Delivery cylinder ( d e l i v e r y ) 
^ ^ ^^^^^ 
^ ^ w < < ^ ^ i ^ ^ - ^ " * ^ Printed sheets 
Figure 2.5 Basic components of an offset lithographic machine. 
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Figure 2.6 The mechanism of offset printing process. 
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CHAPTER 3. STUDY OBJECTIVES AND METHODS 
3.1 OBJECTIVES 
The general purpose of the present research is to study the health problems 
among printing workers who are exposed to organic solvents at work. The specific 
objectives are: 
(1) to find out the prevalence of neurological symptoms and other symptoms among 
workers in the printing industry in Hong Kong; 
(2) to assess the exposure to organic solvents at work for the printing workers; 
(3) to examine if workers exposed to organic solvents at work, according to job 
nature, have higher prevalence of neurological and other symptoms than the 
unexposed workers; and 
(4) to examine if workers exposed to higher levels of organic solvents, according to 
the air sampling results and locations of work, have higher prevalence of 
neurological and other symptoms than the lower exposure groups. 
The null hypotheses for the present study are: 
(1) that there is no difference in the prevalence of neurological and other symptoms 
between the solvent exposed and non-exposed workers; 
(2) that workers exposed to different levels of solvents at work had no difference in 




The present study is a cross-sectional survey. Status of an individual with 
respect to the presence or absence of both neurological symptoms and solvent 
exposure levels is assessed at the same point of time 
3.2.1 Study population 
Hong Kong's printing industry can be broadly divided into three segments, 
namelyjob printing, newspaper printing, and pre- and post-press services. Job printing 
can be divided into small job printers or larger printers. The small job printers are 
mainly engaged in the printing of posters, catalogues, office paper stationary, name 
cards and invitation cards for local consumption. The larger printers are more export-
oriented. They print books, pamphlets, diaries, greeting cards, periodicals and security 
products, such as checks, credit cards, share certificates, and provide packaging 
printing services to other manufacturing industries. Establishments in pre- and post-
press services are engaged in typesetting, color separation, plate making, lamination 
and book binding. 
According to the Hong Kong Census and Statistics Department (C&SD), there 
were 4829 printing factories which employed a total of 40988 workers in 1992. On 
average, only 8 persons were in each factory. Job printing was the largest segment of 
the industry, consisting of 3673 establishments and employing 26339 persons (Table 
3.1). 
A list of 306 printing factories with an employment size of over 20 was 
obtained from the 1992 C&SD records through the Hong Kong Occupational Safety 
and Health Council (HKOSHC). Telephone and mailing contacts (Appendices B & C) 
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were made to all these 306 factories. Visits were arranged to factories which agreed to 
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Table 3.1 Number ofestablishments and persons engaged in the printing industry in 
Hong Kong in 1992 
Sector Number o f ~ Male Female Total ~~Average no. of 
establishments engaged engaged persons persons engaged 
engaged per establishment 
Job printing ^ 20022 6317 26339 7  
Others 1156 — 9931 一 4718 “ 14649 13 一 




Sources: Quarterly Report of Employment, Vacancies and Payroll Statistics, and the 
Hong Kong Monthly Digest of Statistics, C&SD, Hong Kong. 
The figures of newspaper printing and pre- and post-press services sectors were not 




Two visits were paid to the printing factories. Company details like 
employment size, space, and chemicals consumption were obtained during the first 
visit. Jn addition, printing products, printing methods, type of printing machines and 
possible health hazards present in the factories were noted during the walk through 




3.2.3 Workers' Health Assessment 
A Chinese version (Yin et al., 1987) of the questionnaire on neurological and 
general symptoms (Appendix D) modified from the Inoue's questionnaire set (1983; 
originally in Japanese) was used. All workers were asked about their experience on a 
total of 61 symptoms (with some additional questions for female workers and those 
workers who were married) which included 47 neurological symptoms, 11 other 
symptoms, and 3 dummy symptoms which were not usually related to chemical 
exposure. 
The questions about neurological symptoms covered blurred vision, dimmed 
vision, abnormal smell and taste, feel tired easily, excessive perspiration, face 
flushing, dizziness, drunken feeling, heavy feeling in head and headache, nausea, 
tightness iri chest, numbness in extremities, weakness in extremities, tremor in 
extremities, painful tingling in extremities and other part of the body, joint pain in 
extremities, reduced vibration and temperature sensation in extremities, decreased 
touch sensation in extremities, difficulty in buttoning, palpitation, anxious, feeling 
depressed, inability to concentrate, poor understanding, short memory, told to have 
short memory, take notes to remember, forget and have to check, difficulty in 
sleeping, difficulty in speech, nightmare, cramps, reduced sense of sight, taste and 
smell. 
The questions dealing with other symptoms were irritation in eyes and nose, 
sore throat, shortness of breath, frequent cough, poor appetite, loose bowels, ringing in 
ears, muscle pain, rough skin and reduced hearing capacity. 
Three dummy symptoms (low back pain, stomach upset and urinary infections) 
not usually related to chemical exposure were used in the questionnaire. They were 
1 
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included to ensure that there was not any over or under reporting of symptoms in the 
different groups of workers. 
A five-step rating scale ("never," "rarely," "sometimes," "frequent," “very 
frequent，，）was used in the questionnaire, which was constructed using words that 
were simple and unambiguous in order to facilitate replies. For calculating prevalence 
ratios，workers who answered "never" or “rarely” about their experience on symptoms 
were re-coded as having no such symptoms, while workers answering “sometimes，，， 
‘‘frequent” or “very frequent" were classified as having such symptoms. 
Face to face interviews were conducted by 5 research workers with all 
employees who were present on the day of the evaluation and willing to participate in 
the survey. The 5 interviewers were trained in conducting the interviews in order to 
standardized their quality. In addition to the experience of symptoms, the 
questionnaire also asked whether these symptoms tended to stay the same or got better 
when they were away from work. 
Background variables which could have influenced subjective symptoms as 
potential confounders were also inquired about, i.e., use of alcohol and medicines, 
smoking habits, present and past medical history of diseases and work history. Other 
information such as work practice and personal information were also asked during 
the interview (Appendix E, F). 
• 
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3.2.4 Air Sampling 
Charcoal tubes (Kitagawa) (6x70mm，50/100 mg,) and personal sampling 
pumps (Gilian HFS-513A UP) were used to collect air samples at various locations by 
following conventional air sampling techniques (National Institute of Occupational 
Safety and Health [NIOSH] Sampling and Analytical Methods 1400 and 1500) 
(Appendices G, H). 
The flow rate 50 cc/min. for personal sampling pumps was regulated and 
calibrated before sampling. Both ends of the charcoal tube were broken at the work 
sites and placed immediately inside the tube holder. Samples were taken for at least 80 
minutes. After that, the tubes were capped with plastic caps and packed securely in 
bagged refrigerant for transportation. A field blank was prepared for each work site. 
Each charcoal tube contained 2 layers of activated charcoal as the sorbent 
material - (1) 100 mg 20/40 mesh coconut shell charcoal; (2) 50 mg 20/40 mesh 
coconut shell charcoal (Figure 3.1). The samples were sent to the Department of 
Hygiene, School of Public Health, Sun Yat Sen University of Medical Sciences for 
analysis of n-hexane, JPA, benzene and toluene by using the analytical equipment 
from their laboratory (Appendix I) with reference to the NIOSH Sampling and 
Analytical Methods 1400 (Appendix G). Each sample was desorbed with carbon 
disulfide and analyzed by using Gas Chromatography with Flame Ionization Detector 
(GC-FED). 
Sampling pumps (Figure 3.2) were calibrated and regulated by using the 
Primary Standard Airflow Calibrator (Figure 3.3) before going to the printing 
factories. Pumps were also calibrated by Gilibrator (Figure 3.4) before starting 
sampling and after finishing sampling at the work sites. The same calibration 
• 
44 
processes were conducted each time when having field work, ]f fault were found in 
the sampling pumps before, during or after sampling, pumps would be replaced or 
samples would be discarded. 
tiformation on the work process, workers' actual work practice, existing 
engineering control, use of personal protective equipment (PPE) and sampling details 
were recorded (Appendix J). 
Air concentration of organic vapor were calculated from the amount 
determined by gas chromatography and the volume of air sampled by the following 
equation: 
C = ( W f ± W b ^ f ± B b j 2 k M . mg/m^ equation 1 
V(L) 
C : calculated concentration of analyte; 
Wf: mass (mg) of analyte find in the sample front sorbent section; 
Wb: mass (mg) of analyte find in the sample back sorbent section; 
Bf: mass (mg) of analyte find in the blank front sorbent section; 
Bb : mass (mg) of analyte find in the blank back sorbent section; 
V (L) : air volume sampled in liter; 
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Figure 3.1 A charcoal tube (Kitagawa). 
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Figure 3.2 A sampling pump (Gilian). 46 
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Figure 3.3 A primary standard airflow calibrator (Gilian). 
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3.2.5 Definition of Exposures 
There were two ways to define the exposed and non-exposed group: 
(1) Job Titles: The exposed group referred to workers who had to use organic 
solvents like thinner, white spirit and kerosene frequently at work, For example, 
printing machine operators and plate makers or film assemblers. The non-exposed 
group referred to other workers in the same factories whose job nature were 
different from the printers. Their work did not involve the use of organic solvents 
on a daily basis. They might work at the same sites as the printing workers or at 
different departments in the factories. 
(2) Solvent Exposure Levels: The organic solvent concentration levels measured at 
workplaces were assigned to all workers according to their locations of work. 
Workers were classified into 3 groups of exposure levels, i.e. less than 1/2 TLV-
TWA, 1/2 to 1 TLV-TWA and greater than the TLV-TWA.(Ovmm et al., 1978; 




3.3 DATA ANALYSIS 
Data analysis was performed primarily on a personal computer using the 
Statistical Package for Social Sciences (SPSS) for windows. A p-value of <0.05 was 
considered significant. 
Differences in symptom prevalence ratios between exposed and non-exposed 
groups were examined by using the Chi-square (x^) statistical test or the Fisher's exact 
test whenever appropriate. The differences between means (continuous variables) like 
age，working hours per week, overtime working hours per week and number of 
symptoms were examined by student's t-test. 
Nonparametric median test was used in the comparison of solvent 
concentration levels between exposed and non-exposed groups if the air sampling 
results were not normally distributed. 
Previous studies have shown that age (Kumamoto et al., 1995), smoking 
(Ferris, 1978; Johnson, 1987)，alcohol (Hills & Venable, 1982; Juntunen, 1982，1984; 
Antti-Poika et al., 1985; Hanninen et aL, 1987; Lundberg et al., 1992; Cherry et al., 
1992; Cherry, 1993; Nelson et al., 1994)，chronic disease, heart disease, use of 
medication, and hobbies related to solvents or lead (such as scale model aircraft, airfix 
modeling, car repairing, building and flying radio controlled aircraft, calligraphy and 
painting) (Baelum et al., 1985; Morck et al., 1988; Hashimoto et aL, 1991) are 
potential confounding factors on neurological disorders. Hence, adjustment of these 
variables were made for the risk factors analysis. 
The relationships between subjective symptoms and variables related to 
solvent exposure and potential confounding variables were investigated by 
multivariate analysis (multiple logistic regression). The duration of present job, kinds 
/ 
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CHAPTER 4. RESULTS 
4.1 RESPONSE RATE 
The exact number of printing factories was 285 instead of 306 from the list. 
Such difference in number was mainly due to double counting of some factories. Out 
of the 285 factories, 34 accepted, 126 refused, 92 were not printing factories or no 
printing process in Hong Kong and 33 could not be contacted through telephone or 
mail. Originally, the response rate was 21.3% (34/160). However, 6 factories 
withdrew while the study was proceeding, which reduced the response rate to 17.5% 
(28/160) finally. 
Out of the 126 printing factories which refused to join the survey, 39 provided 
their company information during telephone contact while 87 were unwilling to 
disclose any information. 
The total number of workers from the 28 printing factories were 2684 with 
705 printing machine operators, 240 plate makers or film assemblers and 1739 other 
workers. Out of the 984 workers being successfully interviewed, 372 were printing 
machines operators, 62 were plate makers, 79 were film assemblers and 471 were 
other workers. The response rate for printing machine operators, plate makers or film 
assemblers and other workers were 52.8% (372/705), 58.8% (141/240) and 27.1% 




















































































































































































































































































































































































































































































































































































































































































































































































4.2 CHARACTERISTICS OF THE STUDY POPULATION 
Nine hundred and eighty four workers were interviewed from 28 printing 
factories. The characteristics of these factories and workers were as follow. 
4.2.1 Printing Companies 
Products: A wide range of products were printed from the 28 printing factories which 
participated in the survey. These included advertising and sales promotion material, 
pamphlets, calendars, stationery, trademark labels, maps, greeting cards, posters, 
books, magazines, newspapers and package materials. 
Employment size: Nineteen (67.9%) factories were medium size with 20 to 100 
workers, 6 (21.4%) were large scale factories with more than 100 workers, while 3 
(10.7%) were small scale factories with less than 20 workers. The total number of 
workers from these 28 printing factories ranged from 15 to 800 with an average of 96 
persons in each factory. 
Space: Most of the factories were situated in multi-storey industrial buildings. Sixteen 
factories (57.1%) occupied 1 floor. Others (42.9%) occupied from 1.5 to 10 floors. 
The total area occupied by each of these factories was from 1,000 sq. feet to 53,000 
sq.feet. 
Printing machines: The number and type of printing machines in each factories 
depended greatly on the kind of products they printed. From the survey, there were 24 
printing factories which used sheet-fed presses, 2 used web-offset presses and 2 used 
both kinds of presses. The usual type of printing machines found in these factories 
were HEEDELBERG and ROLAND REKORD. The factories possessed from 2 to 19 
printing machines. Factories with more printing machines did not mean that they were 
/ -
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larger factories. In fact, small factories preferred to have more but smaller printing 
machines for performing different kinds ofprintingjobs. 
Printing methods: Most of the printing factories in the present study practiced offset 
lithographic printing, which is one of the planographic printing methods. Some of the 
factories retained a small part for reliefprinting, which was usually for small quantity 
printing. 
Kinds of organic solvents being used: For litho-art, stripping and plate making 
processes, most of the printing factories from the present survey used Printstar 
Positive Developer C1342, Ipagsa SV-10 Positive Developer, Ozasol EP 350 
concentrate developer, Positive P.S. Plate Developer, Fuji DP-4 Plate Developer, Fuji 
DP-4R replenisher, Shell Solvent X-55B, Shell S90, white spirit (contains n-hexane), 
kerosene, thinner, Scratch remover 3M (removes dirt from plate, contains stoddard 
solvent), Polychrome 233 (correction fluid for positive plates, contains demethyl 
formamide and cyclohexanone), RP-2 Fuji PS-Plate image remover, Star Plate Gum, 
Fuji PS-Plate Gum GU-7, and Spray adhesive (contains cyclohexane, liquefied 
petroleum gas). 
Some commonly used solvent brands among printing machine operators were 
Shell ffA, Shell Solvent X-55B, Shell S90, Mobil 1425, Mobil Pegasol 1225, Ozasol 
RC63 fountain solution, Alpha 299 propellant, BASF SS7061, SP3 blanket wash, GS 
Stabilomat 2005-5, Omega 32 penetrating & cleaning oil, Corium 107 penetrating & 
cleaning oil, Corium 102 paint ink & varnish remover, Damper Wash HDP, Anchor 
DRD #7064, Anchor #7069 VELUEE blanket and roller rejuvenator, Anchor #7022E 
AQUA AYDE fountain additive and Anchor #7011 Wash R-228. 
/ " 
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Consumption and storage of organic solvents： Printing ink and solvents consumption 
per month depended not only on the size of factories, but also on the business of the 
companies. At the time of survey, the mean consumption of printing ink and solvents 
per month for these factories were 807.5 kg and 1316.4 kg respectively. Twenty five 




4.2.2 Study Subjects 
A total of 984 workers were interviewed from 28 printing factories. Among 
them，372 were printing machine operators, 141 were plate makers or film assemblers 
and 471 were workers working under different job titles. 
There were 762 male participants (77.4%) and 222 female participants 
(22.6%). Cross-tabulations showed that there was significant difference in sex 
distribution between the exposed group (female = 2.5%) and non-exposed group 
(female = 44.4%). Due to such marked difference in sex ratio and the very small 
proportion of exposed workers who were females, only male participants were 
included in the subsequent analyses. 
The 372 male printing machine operators and 128 male plate makers or film 
assemblers were considered as the solvents exposed group while the 261 male 
workers [1 male compositor (metal) who had worked for 24 years in composing lead 
types by hand was excluded because lead was known to have neurological effects on 
human] not working inside the printing press room were considered as the non-
exposed group. Nearly 40% of the non-exposed workers were from bookbinding 
section (103/261) (Table 4.2). 
/ . 
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Table 4.2 Job titles and number of workers for the 761 male study subjects. 
Job titles Number of male workers 
proof reader ~~ 4 _ 
compositor ~" 3 
administrator ~~ ^ 
typesetter ~~“ 5 
color scanner operator ~~ fg 
paper cutter ‘ 3] 
hot blocking worker 2 
calendar operator J “ 
bookbinding worker “ ] ^ 
plate maker J^ 
film assembler 一 ^ 
printer “ 372 






The mean age of the exposed group (33.4) was younger than that in the non-
exposed group (41.7). The working hours per week among the two groups had no 
significant difference (47.1 and 47.4), however, the mean overtime working hours per 
week in the exposed group (14.9) was significantly (p<0.001) higher than that in the 
non-exposed group (10.8). The non-exposed group had worked longer (8.8 years) in 
the company than the exposed group (7.2 years). However, no difference was 
observed in the working years at the presentjob in the two groups. 
There were significant differences in smoking and drinking status in the two 
groups. There were more current smokers from the exposed group (42.6%) than from 
the non-exposed group (31.0%). On the contrary, there were more current drinkers 
from the non-exposed group (16.9%) than from the exposed group (10.0%). Other 




Table 4.3 Personal characteristics of the exposed and non-exposed groups 
Exposed group Non-exposed group p value 
n=5Q0 n=261  
mean age (years) 33.4 — 41.7 <0.001 
years of formal education 8.8 ^ 0 . 7 9 5 ~ 
mean working hours per week 47.1 47.4 o.l31 ~ 
overtime hours per week 14.9 1 ^ <Q.001 ~ 
smoking status (%) 
non-smokers 48.2 54.4 0.003 
ex-smokers 9.2 14.6 
current smokers 42.6 31.0 
drinking status (%) 
social or non drinkers 87.6 82.0 0.014 
ex-drinkers 2.4 1.1 
current drinkers 10.0 16.9 
mean working years in 7 2 ^ 0.009~~ 
company  
mean working years in present 7.0 7J o . l 8 5 ~ 
job  
mean no. of children n=293 n=194 <0.001 ~ 
(for married subjects) 1.6 2.3 
former job related to printing 63.6 37^ <0 0 0 1 “ 
(%) ‘ 
former job related to chemicals 66.1 30 7 <0 001 ~~ 
(%) ^ • 
regular medicine takers (%) 12.0 VL5 o.838~~ 
* hobby chemical users (%) o.003~~~ 
in the past 6.0 4.6 
currently 8.2 ^  
* hobby chemical included solvents or lead 
/' 
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4.3 HEALTH PROBLEMS OF STUDY SUBJECTS 
4.3.1 SickLeave 
A total of 216 male workers had sick leave during the three months preceding 
the interview. The sick leave duration ranged from 1 to 45 days. A hundred and thirty 
one out of 216 workers (60.6%) did not think that their sickness were related to their 
work. 
There were no significant difference on either the proportion of workers who 
had sick leave within the past three months prior to the interview (30.4% in exposed 
group and 24.5% in non-exposed group; x^=2.916, p=0.088) or the mean number of 
sick days (2.3 days in exposed group and 2.7 days in non-exposed group; t=0.713, 
p=0.477) between these two groups. 
/' 
60 
4.3.2 Prevalence of Subjective Symptoms 
The symptom prevalence of all workers are shown in Table 4.4 (only the 10 
most common ones included in table). The most commonly reported symptoms were 
low back pain (45.5%), nasal irritation (44.4%) and reduced sense of sight (42.8%). 
The percentage ofemployees who reported experiencing the respective symptom often 
while at work and the symptoms tended to get better away from work was also 
examined. The most commonly reported symptoms that improved when the employee 
were away from work were feel tired easily (37.3%), nasal irritation (36.3%) and low 
back pain (33.1%). 
Overall, the exposed group had significantly higher prevalence on neurological 
symptoms and other airway problems than the non-exposed group. The main 
neurological complaints among the exposed group were feel tired easily (46.0%) and 
difficulty in sleeping (34.4%) (Table 4.5). Other common complaints included nasal 
irritation (50.4%), irritation in eyes (39.0%) and rough skin (35.5%). 
However, there was no significant difference for the dummy symptoms (low 
back pain, stomach upset and urinary infections) between the exposed and the non-
exposed groups. 
Of the 47 neurological symptoms, 36 symptoms had an OR greater than 1 for 
the exposed group, of which 10 achieved statistical significance; 2 symptoms had an 
OR equal to 1; 2 with an OR less than 1 and with significant differences; 7 with an 
OR less than 1 but without significant difference. 
Out of the 11 other symptoms, 6 symptoms were with an OR greater than 1 
and showed significantly difference between the exposed and the non-exposed groups, 
while 5 were with an OR greater than 1 but without significant difference. 
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Table 4.4 Symptom prevalence (%) of all workers (n=761) 
Symptoms Experienced 95% Experienced at work day and 
at work day Confidence got better away from work 
interval  
low back pain 45.5 — 42.0-49.0 33.1 
nasal irritation 4 ^ 40.9-47.9 36.3 
reduced sense of sight 42.8 39.3-46.3 -
feel tired easily 4 j ^ 38.4-45.4 37.3 
muscle pain 37.8 — 34.3-41.3 29.7 
irritation in eyes 3 4 ^ 31.2-38.0 31.3 
rough skin 32.9 — 29.6-36.2 14.2 
difficulty in sleeping 30.9 _ 27.6-34.2 13.9 
sore throat 30.5 — 27.2-33.8 17.6 
loss in hearing capacity 30.0 26.7-33.3 -
For symptoms on reduced sense of sight and loss in hearing capacity, there were no 
questions asked if such symptoms would get better when away from work. As a result, 
no figures were in the respective column. 
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Table 4.5 Prevalence (%) of subjective neurological symptoms (with significant 
difference), other symptoms (with significant difference) and dummy 
symptoms in exposed and non-exposed groups 
Neurological Exposed group Non-exposed group Odds 95% p 
symptoms n=500 n=261 ratio Confidence value 
interval  
reduced sense of smell l _ ^ ^ 3.70 1.92-7.10 一 <0.001 
drunken feeling 9.4 — 3.1 “ 3.28 1.51-7.08 0.001 
reduced sense of taste 6.0 一 2.3 ~ . 7 1 1.11-6.61 “ 0.022 
unusual smell 24.8 一 12.6 ~ L ^ 1.50-3.47 ~0.Q01 
inability to concentrate 20.6 — 10.3 ~2.25 1.44-3.53 <0.001 
blurred vision 28.2 — 18.4 ~1?74~ 1.20-2.52 0.003 / 
difficulty in sleeping “ 34.4 一 24.1 “ 1.65 1.17-2.31 0.004 | 
feel tired easily 46.0 — 34.1 一 1.65 1.20-2.24 0.002 | 
feeling depressed 一 22.2 — 15.7 —1.53 1.04-2.26 0.033 : 
dimmed vision 20.2 14.2 — 1.53 — 1.01-2.31 0.041 I 
convulsion 6.6 — 11.5 “ 0.54 0.32-0.91 0.020 | 
writing down notes to 6.8 14.9 0.42 0.26-0.68 <0.001 \ 
help memory | 
I 
Other symptoms Exposed group Non-exposed group Odds 95% p value J 
n=500 n=261 ratio Confidence I 
interval 力 
shortness of breath “ 12.2 5.7 _ 2.28 1.25-4.10 — 0.005 ; 
nasal irritation “ 50.4 33.0 — 2.07 1.97-2.17 “ <0.001 t 
poor appetite “ 15.0 8.4 一 1.92 1.17-3.17 一 0.010 | 
irritation in eyes 39.0 26.1 — 1.81 ‘ 1.30-2.52 <0.001 “ | 
frequent cough “ 32.2 21.8 — 1.70 1.19-2.41 — 0.003 ) 
rough skin 35.5 28.0 1.42 1.02-1.97 0.037— 
Dummy symptoms Exposed group Non-exposed group Odds 95% p value 
n=500 n=261 ratio Confidence 
interval  
low back pain 45.6 — 45.2 1.02 0.75-1.38 0.918— 
stomach upset 23.8 22.2 — 1.10 “ 0.77-1.57 0.615 一 
urinary infections 2.2 2.3 0.96 0.35-2.64 0.930 
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4.3.3 Mean Number of Symptoms 
There were significant differences in the average number of symptoms per 
worker in the two groups (Table 4.6). In the all symptoms category, the exposed group 
had more symptoms (9.3) than the non-exposed group (7.3). Forty seven symptoms 
were classified as neurological symptoms and it was found that the exposed group had 
more symptoms (6.0) than the non-exposed group (4.9). 
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Table 4.6 Mean number of symptoms per worker in the exposed and non-exposed 
groups 
Symptom category Exposed group Non-exposed group p value for 
n=5QQ n=261 t-test 
aH symptoms (58) 9.3 — 7.3 <0.001 
neurological symptoms (47) 6 ^ 4.9 o . 0 0 7 
other symptoms (11) 3.2 2.4 ~~<0.001 
Figure in blanket indicated the maximum number of symptoms in each category 
• 
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4.4 AIR SAMPLING RESULTS 
The number of air samples drawn from each plant ranged from 5 to 6. A total 
of 142 air samples were collected from 28 printing factories. They were tested for the 
air concentrations of n-hexane, JPA, benzene and toluene. Air samplers were placed in 
different locations within the factories including office, printing press room, film 
assembling and developing room, plate making room, packaging and paper cutting 
areas, and book binding section. 
Threshold Limit Values (TLVs) for vapors are usually established in terms of 
parts per million (ppm) of substance in air by volume. Concentrations calculated by 
equation 1 were conversed into ppm by the following conversion equation: 
TLV in ppm = (TLV in mg/m'^) (24.45) equation 2 
(gram molecular weight of substance) 
molar volume in liters = 24.45 
gram molecular weight of n-hexane = 86.18 
gram molecular weight of IPA = 60.09 
gram molecular weight of benzene = 78.11 
gram molecular weight of toluene = 92.14 
Table 4.7 shows the concentration levels of n-hexane, EPA, benzene and 
toluene in each factory. N-hexane and toluene were major components in the organic 
solvents for the present study. There were 4 and 6 air samples in which n-hexane and 
toluene respectively exceeded the ACGIH TLV-TWA. 
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Table 4.7 Concentrations (ppm) of n-hexane, IPA, benzene and toluene in 142 air 
samples by plants 
Sample Location N-hexane IPA Benzene Toluene 
number (ppm) (ppm) (ppm) (ppm) 
002A office 6.07 ND ND 4.81 
002B printing 38.43 8.11 3.87 46.69 
002C plate etching 35.22 4.77 3.45 39.65 
002D packaging 34.36 7.39 3.55 40.94 
002E printing 40.44 11.25 4.53 54.20 
015A plate assembling 5.74 ND ND 13.27 
015B plate etching 5.74 ND 0.01 13.77 
015C printing 8.20 ND ND 13.86 
015D printing 9.59 12.79 0.22 12.83 
015E office ^ ^ 0.22 8.72 
016A printing 7.22 1.13 ND 2.21 
016B office 6.30 ND ND 2.15 
016C plate assembling 6.12 ND ND 2.21 
016D printing 8.70 2.40 ND 2.63 
016E paper cutting 5^ UJ ^ 1.79 
030A printing 10.27 ND ND 3.73 
030B printing 15.00 ND ND 5.62 
030C plate etching 4.43 ND ND 0.97 
030D plate assembling 4.64 ND ND 0.84 
030E office ^ ^ 0.07 1.36 
051A plate assembling 9/F 10.72 J^5 0 ^ L ^ ~ 
051B printing 6/F 33.43 11.57 2.54 3.89 
051C printing 13/F 35.67 266.91 2.83 90.87 
051D printing 4/F 33.21 197.12 2.60 41.98 
051E printing 4/F 24.87 293.05 2.00 38.50 
058A printing 6.55 ND oTs 11 .07~ 
058B hot blocking 9.82 ND 0.30 16.60 
058C plate assembling 8.03 ND 0.23 14.09 
058E packaging 6.63 ND 0.36 12.54 
Q58G printing 3 j ^ ^ 0.31 76.17 
065A paper cutting 36.42 ND ND 9.69 
065B printing 49.38 ND ND 13.77 
065C printing 48.92 ND ND 13.66 
065D printing 35.94 30.71 ND 17.69 
Q65E plate assembling 3J_] ^ 0.07 3.i6 
077A printing 40.51 44.06 3.33 10.92 
077B printing 31.74 125.28 2.77 9.07 
077C plate assembling 47.89 29.98 3.95 11.10 
077D office 10.57 16.78 0.83 4.30 
077E paper cutting 3 ^ ^ 0 ^ 2.25 
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085A office 1.01 ND ND 0.24 
085B plate etching 1.95 ND ND 73.00 
085C packaging 4.50 ND ND 1.90 
085D paper cutting 2.08 ND ND 0.91 
085E printing 4 ^ ^ ^ 1.42 
087A printing 4.20 ND ND 0.82 
087B printing 5.19 12.48 ND 2.55 
087C paper cutting 4.56 12.11 ND 2.56 
087D printing 6.48 ND ND 2.68 
087E office 0.30 ND ND 1.44 
087F plate assembling 0 ^ JW ^ 1.17 
102A office 2.38 ND 0.15 2.16 
102B plate assembling 41.41 78.77 ND 35.84 
102C printing 50.62 166.55 ND 43.19 
102D printing 70.40 187.07 ND 59.06 
102E paper cutting 12.89 24.06 Q.5Q 15.99 
113A printing 9.62 265.10 0.27 0.40 
113B printing 8.02 361.87 0.27 0.29 
113C printing 19.80 374.00 ND 2.54 
113D plate assembling 22.93 305.93 ND 3,26 
113E office 17.45 343.91 1.50 2.60 
128A silk printing ^ 4 3 22.14 0 ^ 16.60 
128B printing 3.39 14.09 0.23 1.04 
128C printing 3.51 ND 0.15 1.58 
128D packaging 3.11 13.27 ND 1.01 
128E plate assembling ^ ^ ^ 1.26 
140A plate assembling 16.52 133.36 ^ 7 M ~ ~ 
140B office 4.93 143.07 0.14 7.92 
140C printing 5.99 271.75 0.08 11.01 
140D paper cutting 5.77 142.60 0.15 6.63 
140E plate developing 9 ^ 133.25 ^ 7.05 
149A printing 1/F 4.40 31.13 0.23 1.03 
149B printing 1/F 3.17 34.68 0.30 0.88 
149C plate developing 6/F 11.21 ND 0.15 0.95 
149E plate assembling 6/F 15.40 ND ND 1.07 
149G paper cutting 1/F 0 ^ ^ OJ^ 0.58 
177A printing 7/F 8.93 ND 0.30 28.83 
177B paper cutting 7/F 10.36 ND 0.19 31.27 
177C binding 14/F 3.21 ND 0.22 3.06 
177D plate developing 14/F 3.65 ND 0.15 3.72 
177E printing 7/F 13.04 13.60 0.22 46.47 
179A printing 2fP 13.33 133.16 0.40 6.55 
179B paper cutting 2/F 8.92 28.35 0.62 3.62 
179C office 4/F 0.79 ND ND 2.39 
179D plate developing 3/F 18.80 19.10 0.44 5.82 
179E binding 4/F 0 ^ ^ ^ ND 
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186A printing 18.89 333.11 0.38 29.99 
186B printing 16.31 254.57 0.45 24.52 
186C plate assembling 13.93 203.44 0.43 23.04 
186D paper cutting 12.46 144.88 0.29 22.26 
186E office 18.58 224.32 0.27 33.66 
216A printing 2/F 27.70 14.74 1.91 1.62 
216B office 2/F 24.29 14.94 1.71 1.25 
216C printing 1/F 45.04 19.96 2.87 2.57 
216D printing 1/F 49.96 18.51 3.06 2.59 
216E office 1/F 26.89 15.44 1.72 1.39 
223A printing 5/F K ^ 162.25 0 ^ 0 ^ ~ ~ 
223B printing 5/F 10.63 169.67 ND 0.81 
223C plate developing 5/F 8.67 12.83 0.15 ND 
223D plate assembling 5/F 4.82 ND 0.29 ND 
223E binding 4/F 3 ^ ^TO 0.28 5.11 
247A office O U ^ 0 ^ ^ ~ 
247B plate assembling 22.08 47.46 1.53 33.89 
247C printing 17.74 48.92 1.15 37.09 
247D printing 9.09 34.26 0.79 20.95 
247E paper cutting 20.37 55.20 1.39 44.97 
247G binding ^ ^ 0.16 2.89 
253A office 5 M 11.30 005 18 .37~ 
253B printing 9.74 18.38 0.48 39.68 
253C plate developing 15.06 13.41 0.54 46.41 
253D packaging 0.47 ND ND 1.95 
253E printing 10.05 17.64 ND 44.42 
264A office 8/F L9S ND ND ^ ~ ~ 
264B plate assembling 8/F 26.78 ND 4.38 8.81 
264C paper cutting 4/F 37.13 ND 5.76 8.68 
264D printing 4fF 62.29 ND 8.75 13.16 
264E printing 4/F 42.62 ^ 5.71 9.68 
269A printing 3/F 0 ^ 254.73 0 ^ 11.07 
269B printing 3/F 0.20 218.82 0.07 11.11 
269C printing G/F 0.16 29.82 0.06 0.39 
269D printing Gy^ 0.20 37.95 0.06 0.61 
269E printing 2/F 17.80 45.60 1.24 7.17 
283A office 0.61 ND ND 0.57 
283B printing 1.66 ND 0.08 5.82 
283C printing stamp 0.78 ND ND 1.19 
283D paper cutting 0.61 ND ND 0.76 
283E tool making 0 ^ ^ 0 ^ 0.62 
290A ~~paper cutting L42 ND 007 T?75~~ 
290B printing 4.84 42.97 0.23 25.37 
290C printing 6.60 21.87 0.23 4.64 
290E plate assembling 1.52 ND 0.15 2.46 
29QG office 0 ^ ^ 0 ^ 1.66 
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295A printing 1/F 30.01 44.35 ND 31.73 
295B printing 1/F 13.18 ND ND 9.10 
295C plate assembling 7/F 0.51 ND ND 0.24 
295D plate assembling 7/F 0.39 ND ND 0.18 
295E office 6/F 0.50 ND ND 0.59 
301A printing 48.70 25.93 ND 43.93 
301B paper cutting 30.00 18.93 ND 31.86 
301C plate developing 41.96 17.35 ND 38.80 
301D printing 66.07 25.77 ND 73.59 
301E office 8 ^ 11.56 ND 12.09 
ND refers to not detected; 
ACGffl TLV-TWA for n-hexane, EPA, benzene and toluene are 50 ppm, 400 ppm, 10 
ppm and 50 ppm respectively. 
Bold types refer to concentrations (ppm) of solvents exceeding their respective 
ACGIH TLV-TWA. 
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4.4.1 Mean Concentration Levels of Solvents 
The mean concentrations of all the 142 samples on n-hexane, JPA, benzene 
and toluene were 14.78 ppm (ranged from 0.14 ppm to 70.40 ppm), 91.59 ppm 
(ranged from not detectable to 374.0 ppm), 1.09 ppm (ranged from not detectable to 
8.75 ppm), and 13.88 ppm (ranged from not detectable to 90.87 ppm) respectively 
(Table 4.8). WA was not detected in 66 samples, benzene in 56 samples and toluene in 
3 samples. 
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Table 4.8 Mean concentration (ppm) levels of n-hexane, ffA, benzene and toluene for 
the 142 air samples 
Organic solvents Mean 土 SD Minimum Maximum No. of valid samples 
n-hexane 14.78±15.80 0.14 70.40 U 2 “ 
IPA 一 9 1 . 5 9 土 1 0 6 . 6 1 一 1.13 374.00 76 
benzene 1.09土1.61 0.01 8.75 ^ 
toluene 13.88±18.31 0.18 90.87 B 9 ‘ 
• 
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4.4.2 Mean Concentration Levels of Solvents by Printing Plants 
There were marked differences in solvent concentration levels among the 28 
printing factories which probably due to the different types of solvents were being 
used in these factories. Table 4.9 provides the summary data for the mean solvent 
concentration levels in each plant. 
/' 
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Table 4.9 Mean concentration (ppm) levels of n-hexane, IPA, benzene and toluene 
for the 28 printing plants 
Plantno. N _ N-hexane IPA Benzene Toluene — 
I L J 2 : 2 i l i i M I _ Z : ^ M ^ : ^ Z L _ _ _ l : ^ l i 2 i ^ I I ^ O _ M ^ 
J 1 5 7.48 (1.69) 12.79 0.15 ( 0 . 1 2 ) ^ ^ 2 4 9 a j ^ 
J 6 5 6.77 (1.24) 1.57 (0.72) ND ~ ^ ; ^ ^ ) _ ^ ^ j j ^ ^ 
J 9 . 5 7.38 (5.14) ND — 0.07 ~ 2 . 5 0 (2.10) 
_li 5 27.58 (10.28) 192.16(127.02) "IT9(0.74) 35.44 (36.20) 
J 3 . 5 12.45 (10.58) ND 0 . 2 7 ( 0 . 0 g j _ _ ^ ^ ^ 2 ^ j ; g ^ : 2 ^ 
_ ^ 5 34.75 (18.84) 30.71 0.07 " T T 5 9 (5.50) 
J L 5 26.94(18.98) 54.02 (48.79) 2 . 2 4 ( 1 . 5 8 �" T ^ ^ ^ T 4 ^ ^ ) ^ 
I I 5 2.72(1.49) ND — ND ~5.49 (32.15) 
H 6 3.60 (2.46) 12.29 (0.26) ND ~ L 8 7 (0.82) 
_12? 5 35.54 (27.79) 114.11 (76.23) " " o l 2 (0.25) 31.25 (22.45) 
J I 3 5 15.57 (6.48) 330.16(44.54) ~ a 6 8 (0.71) 1.82 (1.37) 
J ^ 5 3.33 (0.17) 16.50 (4.90) ~ ^ 0 (0.04) 4.30(6.88) 
J 4 0 5 8.53 (4.79) 164.81(59.97) " T T 2 ( 0 . 0 ^ _ M M ^ g ^ 
149 5 7.0 (6.08) 32.91 (2.51) " " 5 I l (0.07) 0.90 (0.19) 
口7 5 7.84 (4.29) 一 13.60 0.22 (0 . 06 )~ 22.67 ( 1 8 ^ 8 ^ 
179 5 8.46(7.96) 60.20 (63.35) ~ a 4 9 ( 0 . 1 2 ) 4.59(1.93) 
186 5 16.03 (2.83) 232.07 (69.28) " " a 3 6 (0.08) 26.69(4.93) 
1 1 ^ 5 34.78 (11.81) 16.72 (2.37) " T ^ ( 0 . 6 6 ) _ _ _ J ^ 8 9 _ [ a 6 5 ^ 
223 5 8.84 (5.05) 114.92 (88.48) 0.31 (0.15) ~ 1 8 (2.54) 
247 6 12.01 (9.39) 46.46 (8.80) ~ a 8 5 (0.62) 23.36 (18.54) 
253 5 8.24 (5.43) 15.18 (3.39) 0.36 (0.26) 30.17 (19.32) 
264 5 34.16(22.15) ND 6.15 (1.85) 8.26 (4.46) 
269 5 3.73 (7.87) 117.38 (109.87) ~ a 3 0 (0.53) 6.07 (5.33) 
283 5 0.85(0.46) ND ~ 0 0 7 (0.00) 1.79 (2.27) 
290 5 3.05 (2.53) 32.42 (14.92) ~ a i 5 (0.08) 7.18 (10.24) 
295 5 8.92 (13.01) 44.35 ND 8.37 (13.60) 
301 5 39.10(21.39) 19.91 (6.08) ND 40.05(22.31) 
N = number of samples 
ND refers to not detectable. 
Figure in blankets are standard deviation (ppm) 
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4.4.3 Mean Concentration Levels of Solvents by Locations 
In general, the mean solvent concentrations in the printing areas were usually 
higher than those in office, film assembling and plate making room, packaging area, 




Table 4.10 Mean concentration (ppm) levels of n-hexane, IPA, benzene and toluene 
from the 28 printing plants by locations 
Locations N-hexane “ IPA Benzene Toluene— 
office 7.09 — 97.67 一 0.57 5.19 
printing press room 20.22 100.68 1.36 18.30 
film assembling and 13.32 ~~~83.30 L06 13.65~~ 
plate making room 
packaging area 9.81 ~ 1 0 . 3 3 — 1 . 9 5 11.67 
paper cutting area 12.08 53.41 0.95 11.60~ 
book binding section 2.51 ND — 0.22 一 3.69 
hot blocking or tool ~ 5 M ND OAS ^ ~ 
making area  
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4.5 EXPOSURE-RESPONSE RELATIONSHIPS BETWEEN ORGANIC 
SOLVENTS AND SYMPTOMS 
Solvent exposure levels were assigned to all the 761 male workers according 
to their job locations by using the results of the 142 air samples. Although the 261 
workers in the non-exposed group did not have to use organic solvents at work as 
frequent as the exposed group, they were still exposed to certain levels of organic 
solvents vapor due to the closed ventilation system in the factories. Some workers 
were not exposed to ff^A，benzene or toluene for these were not detected in some of 
the air samples. 
Since the air sampling results were not normal, nonparametric median test was 
used to detect the difference in solvent concentrations between the exposed and the 
non-exposed groups. It was found that the exposed group had significantly higher 
(p<0.05) solvent exposure in n-hexane, JPA and benzene than the non-exposed group. 
However, significant difference was not found in toluene concentrations in the two 
groups (p=0.210). 
Workers' exposures to n-hexane, EPA, benzene and toluene were divided into 
3 groups (less than 1/2 TLV-TWA, 1/2 TLV-TWA to TLV-TWA, and greater than 
TLV-TWA) according to the corresponding concentration levels at their work 
locations (Ovrum et al., 1978; Olsen and Seedorff, 1990; Colvin et al., 1993). 
Seventeen workers from the exposed group were exposed to solvent concentrations 
exceeding the TLV-TWA for n-hexane and 22 exceeded that for toluene. 
Cross-tabulations were used to explore the relationships between solvent 
concentration groups and symptoms. It was found that workers in the higher exposure 
groups generally had a higher prevalence of symptoms (Table 4.11 to Table 4.14). For 
/ 
77 
n-hexane and toluene, exposures above the TLV-TWA were associated with more 
number of symptoms (Table 4.15 to Table 4.16). 
I 
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Table 4.11 Prevalence of symptoms (%)with significant difference in different 
exposure groups of n-hexane 
Symptoms ~ < 2 5 p p m ~ 25-50 ppm ~ > 5 0 ppm~~ p value 
n=539 n=8Q n ^  
unusual smell 18.6 _ 36.3 — 58.8 < 0 . 0 0 1 _ _ 
dizziness 16.3 — 20.0 41.2 0.024 
drunken feeling 7.2 11.3 — 29.4 — 0.003 
hand numbness 11.7 一 10.0 35.3 o W \ 
painful tingling in ^ 5 I o VJ^ a o l 4 
hands  
reduced vibration ^ J ^ ] j ^ o ^ 
sensation in hands 
reduced temperature Z0 5 ^ 3 ^ <0.001 
sensation in hands 
reduced temperature 1.7 5 ^ p ^ <0.001 
sensation in feet  
reduced sensation in 3.9 2.5 233 <0.001 
hands  
reduced sensation in 1.9 1.3 1 ^ <0.001 
feet  
difficulty in buttoning ^ 3.8 — 17.6 “ 0.002 
low back pain 4 ^ 52.5 ~ 70.6 一 0.041 
anxiety 23.7 — 39.2 35.3 0.009 
feeling depressed j ^ 32.5 — 23.5 — 0.028 
writing down notes to 11.5 3.8 0 ^ 0.037 
help memory  
difficulty in speech ^ 7.5 — 11.8 一 0.021 
poor appetite 12.2 20.0 — 19.4 — 0.027 
muscle pain 3 ^ 52.5 — 47.1 — 0.016 
reduced sense of taste 4.5 6.3 17.6 0.043 
/' 
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Table 4.12 Prevalence of symptoms (%)with significant differences in different 
exposure groups of IPA 
Symptoms ~ < 2 0 0 ppm ~ 2 0 0 - 4 0 0 p p m ~ " p value 
n=330 n ^  
feel tired easily 43.6 “ 63.9 <0.001 
face flushing 8.5 15.5 “ 0.045 
difficulty in sleeping 34.8 47.4 o . 0 2 5 
loose bowels 8.8 18.6 “ 0.007 
urinary infection L5 ^ o ^ 
(Fisher'sExact Test) 
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Table 4.13 Prevalence of symptoms (%)with significant differences in different 
exposure groups of benzene 
Symptoms <5 ppm ~ 5 - l O p p m ~ ~ p value 
n=448 n ^ (Fisher's Exact Test) 
unusual smell 23.7 75.0 — 0.045 
reduced temperature 1 ^ 5O0 0.006 
sensation in hands 
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Table 4.14 Prevalence of symptoms (%)with significant differences in different 
exposure groups of toluene 
Symptoms ~ < 2 5 p p m “ 25-50 ppm ~ > 5 0 ppm~~ p value 
n=527 n=74 n=22  
irritation in eyes _ _ 3 5 ^ 2 0 j _ _ ~ 59.1 — 0.002 
blurred vision 24.9 一 18.9 一 54.5 0.003 
dimmed vision 19.4 一 9.5 31.8 o ^ 
unusual smell 一 21.4 18.9 50.0 一 0.005 
u _ a l taste 3.8 “ 0.0 — 18.2 0.001 
dizziness 16.9 — 14.9 — 40.9 0.012 
drunken feeling 8.2 6.8 一 22.7 — 0.048 
hand numbness 11.2 12.2 — 36.4 — Q.0Q2 
painful tingling in 4 2 L4 i J 6 0 ^ 
hands  
joint pain in hands 20.3 — 8.1 22.7 0039 
joint pain in feet 17.5 — 6.8 22.7 0.047 
reduced vibration 3.0 J7l 1^6 0.030 
sensation in hands 
reduced temperature 2.3 ^ f8^2 <0.001 
sensation in hands 
reduced temperature 1.9 4Ti 1^6 0.002 
sensation in feet  
reduced touch 3.6 5.4 i ^ 0.004 
sensation in hands  
reduced touch 2.1 0.0 iT6 <0.001 
sensation in feet  
difficulty in buttoning ^ 1.4 — 13.6 — 0.014 
low back pain 4 ^ 35.1 — 63.6 — 0.043 
^ m a c h upset | 25.6 12.2 38.1 0.014 — 
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Table 4.15 Mean no. of symptoms per worker in the three n-hexane concentration 
groups 
Symptoms category <25 ppm 25-50 ppm >50 ppm p value 
aH symptoms (58) ^ 10.0 15.3 <0.001 
neurological symptoms (47) 5.6 “ 6.6 10.6 <0.001 
other symptoms (11) 3.0 3.4 4.7 0.005 
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Table 4.16 Mean no. of symptoms per worker in the three toluene concentration 
groups . 
Symptoms category <25 ppm 25-50 ppm >50 ppm p value 
all symptoms (58) 9 ^ ^ 12.9 0.025 
neurological symptoms (47) 5.9 _ 5.2 “ 8.9 0.021 
other symptoms (11) 3.1 2.9 4.0 0.150 
/' 
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4.6 RISK FACTORS FOR SUBJECTIVE SYMPTOMS 
Multiple logistic regression analysis with the subjective symptoms as the 
dependent variables and solvent exposure levels plus the potential confounding factors 
as independent variables was carried out for each o f the symptoms. Variables like age, 
smoking and drinking status, hobbies related to solvents, medical illness, medication, 
and in favor of solvents smell were forced into the model, while overtime work hours, 
duration of present job and employment in the company, former job related to 
printing, formerjob related to solvents, lead or mercury, use of glove or mask at work, 
solvent exposure categories (i.e. exposed or non-exposed group), and solvent 
exposure levels on n-hexane, WA, benzene and toluene were allowed to be selected 
into the model through the forward stepwise method. 
It was found that overtime work remained as an important risk factor for most 
symptoms. The more the workers had to work overtime, the higher the risk for them to 
have symptoms like reduced touch sensation in hands (OR = 5.05) and feet (OR = 
6.38), reduced temperature sensation in hands (OR = 3.04) and feet (OR = 3.48), 
drunken feeling (OR = 2.17), face flushing (OR = 2.10), and unusual smell (OR = 
1.74). 
Among the solvent exposure of n-hexane, JPA, benzene and toluene, only n-
hexane appeared as a risk factor for most of the symptoms. For example, the adjusted 
ORs for dimmed vision was 1.04; unusual smell, 1.03; anxiety, 1.03; feeling 
depressed, 1.03; forgetfulness, 1.03; and muscle pain, 1.03. Most of the 95% 
confidence intervals of ORs for toluene and ff*A included 1，therefore, they were not 
considered as risk factors for symptoms. 
85 
Unexpectedly, the use of mask at work increased the risk in symptoms like 
drunken feeling (OR = 4.21) and dimmed vision (OR = 3.54). This might be due to 
the poor quality of masks provided. 
Exposed group byjob titles, solvent exposure levels on benzene and the use of 
gloves at work did not increase the chance of symptoms (Table 4.17). 
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Table 4.17 Risk factors for subjective neurological symptoms and other symptoms 
using multiple logistic regressions 
Neurological Factors ~ ~ O d d s ~ 9 ^ 
symptoms ratio Confidence interval 
dimmed vision n-hexane (every 1 ppm) T m 1.02-1.06 
use of mask at work 3 ^ 1.19-10.57 
unusual smell n-hexane (every 1 ppm) L03 1.01-1.05 
over time work (every 10 1.74 1.13-2.68 
hours /week)  
unusual taste have medical illness 4.68 1.42-15.41 
feel tired easily previous job related to L76 1.06-2.93 
printing  
face flushing use of medication 4.30 1.54-12.04 
over time work (every 10 2.10 1.15-3.83 
hours /week)  
dizziness previous hobbies related to 3.71 1.25-11.07 
solvents  
drunken feeling in favor of solvent smell 8.01 1.99-32.29 
over time work (every 10 2.17 1.17-4.02 
hours /week) 
use of mask at work 4.21 1.31-13.49 
heavy feeling in head previous work related to 2.16 1.08-4.30 
printing  
headache previous hobbies related to 3.67 1.02-13.26 
solvents  
nausea in favor of solvent smell ~ ~ i 3 1 1.12-16.63 
use of medication 4.83 1.57-14.81 
reduced muscle use of medication 3.40 1.11-10.38 
power in feet  
tremor in hands previous job related to 3.91 1.11-13.76 
solvents or lead  
painful tingling in in favor of solvent smell 10.33 1.95-54.56 
hands previous job related to 11.53 1.29-103.23 
printing  
reduced temperature toluene (every 1 ppm) 1.05 1.01 -1.10 
sensation in hands over time work (every 10 3.04 1.16-7.96 
hours /week)  
reduced temperature over time work (every 10 3.48 1.28-9.43 
sensation in feet hours /week)  
reduced touch had medical illness 4.47 1.21-16.50 
sensation in hands over time work (every 10 5.05 1.92-13.29 
hours /week) 




Neurological Factors ~ O d d s ” 95% | 
symptoms ratio Confidenceinterval 
reduced touch previous hobbies related to ~ 4 8 . 2 9 1.40-1665.44 
sensation in feet solvents 
in favor of solvent smell 86.10 3.39-2184.0 
over time work (every 10 6.38 1.61-25.30 
hours /week)  
painful tingling in previous hobby related to T ^ 2.48-23.69 
body solvents 
had medical illness 2.81 1.02-7.73 
difficulty in age (every 1 year) L % i.01-1.12 
buttoning in favor of solvent smell 11.69 2.03-67.22 | 
palpitation use of medication 2.59 1.15-5.82 | 
anxiety quit smoking ~ ~ ~ 2 ^ 1.23-7.08 
n-hexane (every 1 ppm) 1.03 1.01 -1.05 
over time work (every 10 1.55 1.08-2.30 
hours /week)  
feeling depressed quit smoking J ^ 1.56-9.63 
n-hexane (every 1 ppm) 1.03 1.01-1.05 
over time work (every 10 1.69 1.10-2.61 
hours /week)  
inability to quit smoking 3.6 1.42-9.28 
concentrate have medical illness 2 ^ 1.31-4.69 | 
forgetfulness in favor of solvent smell 3.43 1.17-10.04 
n-hexane (every 1 ppm) l_m 1.01-1.04 
writing down notes previous hobbies related to ~~10.44 2.54-43.01 
to help memory solvents 
over time work (every 10 0.49 0.26-0.93 
hours /week)  
difficulty in sleeping currently smoking 1.96 1.16-3.30 
had medical illness 2.64 1.48-4.72 
previous work related to 2.42 1.36-4.29 
printing  
difficulty in speech in favor of solvent smell 5.66 1.16-27.55 
over time work (every 10 0.38 0.16-0.92 
hours /week)  
nightmare currently drinking 3.40 一 1.21-9.59 | 
convulsion currently drinking 3.24 — 1.07-9.79 | 
muscle pain n-hexane (every 1 ppm) 1.03 — 1.01-1.05 [ 
reduced sense of in favor of solvent smell 7.66 1.98-29.58 
sight n-hexane (every 1 ppm) 1.03 1.01-1.05 
over time work (every 10 1.01 1.08-2.28 
hours /week)  
reduced sense of had medical illness 3.20 1.23-8.31 
taste  
reduced sense of in favor of solvent smell 4.19 1.35-13.02 
smell I 
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Other symptoms~ Factors ~~Odds~~ 95% 
ratio Confidence interval 
irritation in eyes previous hobbies related to 3 ^ 1.19-11.22 
solvents 
over time work (every 10 1.47 1.01-2.14 
hours /week)  
nasal irritation previous hobbies related to 13.90 1.69-114.32 
solvents 
over time work (every 10 1.68 1.17-2.42 
hours /week)  
sore throat present hobbies related to ~ I w 1.23-6.35 
solvent 
over time work (every 10 1.69 1.15-2.47 
hours /week)  
shortness of breath quit smoking 0 ^ 0.01-0.84 
had medical illness 2.84 1.38-5.82 
in favor of solvent smell 4.42 1.23-15.83 
poor appetite currently smoking 2.09 — 1.11-3.93 
loose bowels quit drinking 10.90 一 2.03-58.50 
loss in hearing in favor of solvent smell 4.70 1.44-15.34 
capacity  
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CHAPTER 5. DISCUSSIONS 
The present study is a cross-sectional study which has limitations in examining 
the causal associations between symptoms and exposure. Both the solvent exposures 
and subjective symptoms were measured at the same point of time, it is difficult to 
know if the exposure preceded the symptoms or vice verse. 
5.1 RESPONSE RATE 
Since Scandinavian countries have been active in the research in the 
neurotoxicity of organic solvents for years, it is therefore not surprising that these 
countries have published most of the reports in this area. 
However, the situation in Hong Kong is different. Lack of funding and 
cooperation are the two main reasons for the slow progression of research work in 
occupational health in Hong Kong. The response rate from the printing factories of the 
present study was only 17.5%, showing that employers were unwilling to participate 
in the survey. This might be due to the fact that factories with poor working 
conditions were unwilling to join the study. It was likely that they did not want to 
know or did not want others to know if they were providing an unhealthy working 
environment for their workers. As a result of the low response rate and possible non-
respondent bias, it was difficult to generalize the study results. 
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5.2 SOURCES OF BIAS 
Selection bias, self-selection bias and healthy worker effect bias might be 
present in the study. Firstly, not all workers joined the survey for some of them were 
absent at the time when the field work was conducted. Secondly, workers who agreed 
or refused to participate in the study might have special reasons and these might be 
related to the health outcomes. Thirdly, some affected workers might have left the 
workplace or selected themselves out of the exposed jobs within the workplace. This 
might lead to an underestimation of the effect of solvents exposure. 
A questionnaire was used to examine the subjective symptoms of workers and 
the response to many questions depended on recall. Over- or underreporting of 
symptoms by workers might occur. In the present study, simple and short questions 
were used to reduce the need for detailed recall. 
t i order to reduce interviewer bias, only 5 interviewers were involved in the 
survey, ]bi addition, standard training and instruction manual were provided to these 
interviewers. 
Air samples were collected to estimate the solvent exposure of workers. 
Equipment were calibrated every time when conducting the field work to ensure that 
observation bias might be reduced to a minimum. 
/ 
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5.3 STUDY SUBJECTS 
Out of the 984 workers who were being successfully interviewed, 77.4% were 
male. No female was found working as a printing machine operator in the present 
study. 
Workers in the solvent exposed group were younger and more educated than 
those in the non-exposed group showing that younger people would select themselves 
into jobs which required more skills. 
Even though solvent exposed workers had a higher job mobility, as reflected 
by their shorter mean employment duration in the same companies when compare to 
the non-exposed group, most of them still remained in the same field of work. More 
than 60% of solvent exposed workers had previous jobs related to printing whereas 
only 38% of workers from the non-exposed group did. This might be due to the fact 
that work performed by solvent exposed workers required higher levels of skills, and 
they were unlikely to give up their money eaming opportunity by taking on jobs that 




5.4 SOLVENT EXPOSURES 
5.4.1 Occupational Hygiene 
The solvent effects found in recent investigations tended to be much less 
severe than those reported in the earlier studies. Although methodological 
improvements in research might partly account for these differences, a further 
explanation might lie in the reduction of exposure levels that occurred in many 
workplaces during the past 30 years. 
Take for example, the Swedish standards of permissible exposure levels (PEL) 
for n-hexane and BPA and the TLV of n-hexane in Japan. The n-hexane PEL of 100 
ppm was introduced in Sweden in 1978. It was reduced to 50 ppm in 1984，and was 
further halved to 25 ppm in 1990. In the same year, the PEL of JPA was reduced from 
200 ppm to 150 ppm (Lundberg et al., 1991). 
In Japan, the Japan Association of Industrial Health (JAffl[) revised the TLV of 
n-hexane in 1967 from 500 to 100 ppm to prevent polyneuropathy due to n-hexane. 
Despite of the inconclusive findings from a study (Sanagi et al., 1980) showing that 
low levels of n-hexane caused neuropathy, the n-hexane TLV level was revised from 
100 ppm to 40 ppm in 1986 (Takeuchi, 1993). 
It was the first time that any form of air sampling was being conducted in these 
28 printing plants. For the present study, n-hexane and toluene were the major 
components among the four substances being analyzed. Four and 6 air samples of n-
hexane and toluene respectively exceeded the ACGIH TLV-TWA (Table 4.7). 
Although the present research looked into a single industry, i.e. printing, 
markedly different solvent concentration levels were found among the different 
printing factories possibly because of the different types of solvents used by them 
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(Table 4.9). Besides, ventilation systems in these factories might also play an 
important part. Furthermore, solvent concentrations were usually highest in the 
printing press room when compared to other locations (Table 4.10). 
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5.4.2 Exposure Classification 
Two different ways were being used to classified solvent exposure in the 
present study. One was by job titles and the other was by the measurement of solvent 
concentration levels at the place of work. The former was generally used in a lot of 
studies in the past. The latter was an efficient strategy in that it facilitated the 
evaluation of the exposure-response gradients. 
When classifying workers into solvent exposed and non-exposed groups 
according to their job titles, it was found that the prevalence ratios of symptoms 
among exposed group were higher than those of the non-exposed group (Table 4.5). Jf 
there was any exposure misclassification, the results would only underestimate the 
real effects of solvent exposure. 
As mentioned before, a more precise way to do the exposure classification was 
to consider the working locations as well. If exposure was classified according to the 
job titles alone, it was possible that the job nature might be a cause for the symptoms 
rather than the solvent exposure per se. For instance, clerical workers who had to 
perform a lot of paper work might complain that they had to write down notes to help 
memory more frequently than the solvent exposed workers. Actual solvent exposure 
measurement according to work locations was more accurate for evaluating the effects 
of organic solvents among workers. For example, most paper cutting machines were 
placed next to printing machines for convenience. As a result, paper cutters might be 
exposed to the similar levels of solvents as the printers were. 
When using the solvent exposure levels to classify workers into different 
exposure groups, exposure-response relationships were found between organic 
solvents and symptoms (Table 4.11- 4.14). 
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Chi square tests showed that the higher the n-hexane and toluene measurement 
levels，the higher would be the proportion of workers in the exposed group (Table 
5.1).The relationships between the two ways of exposure classifications was examined 
for the individual solvents. For n-hexane and toluene, significantly higher proportions 
of the exposed group had actual exposures greater than 1/2 or 1 TLV (Table 5.1). 
However, such phenomena were not observed for the benzene (x^=0.02, p=0.90) or 
the IPA (x^=0.03, p=0.86) exposure groups. 
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Table 5.1 Relationship between exposure as defined byjob title and measurement 
exposure to n-hexane and toluene 
< l /2TLV 1 / 2 - 1 T L V > l T L V x^ p 
n-hexane “ 
Exposed group 81.2 15.3 3.5 19.92 <0.001 
n=485 
Non-exposed group 96.0 4.0 0 
n=151  
toluene 
Exposed group 81.9 13.4 4.6 12.65 0.002 
n=476 
Non-exposed group 93.2 6.8 0 
n=147 J  
/ ' 
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5.4.3 Chemical Interaction 
Chemical interactions can take place between substances. Sometimes the 
effects are additive, that is, the combined effects are equal to the sum of the effects-of 
each of the substances individually; at other times, the effects may be synergistic, that 
is，the combined adverse effects exceed the sum of the individual effects. A substance 
that is not toxic may increase the toxicity of another substance through a process 
called potentiation. More rarely, two toxic chemicals may result in no adverse effect 
when present together, a phenomenon called antagonism. 
There is some toxicological evidence supporting the conclusion that the effect 
of combined solvent exposure can be more hazardous than the summated effects of 
the components (Saida et al., 1976). However, much is still unknown about the 
interaction of solvents. 
In the present study, correlation test was used to examine the relationships 
between the concentrations of individual organic solvents. It was found that n-hexane 
was correlated with toluene (n=139, r=0.52, p<0.001), and highly correlated with 
benzene(n=86, r=0.89, p<0.001). 
As the available data from the literature concerning central nervous system 
effects of the individual solvents was scanty, the present study could not show which 
of the components was most responsible for the effects indicated by the results. 
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5.5 HEALTH PROBLEMS 
The spectrum of symptoms experienced by all workers included irritation in 
nose, eyes, throat and skin, low back pain, reduced sense of sight, feel tired easily, 
muscle pain, difficulty in sleeping and loss in hearing capacity. Typically, the 
workplace environment was implicated because many workers reported that their 
symptoms lessened when they were away from work (Table 4.4). 
Workers exposed to solvents at work had an excessive prevalence of 
neurological symptoms and other symptoms when compared to the non-exposed 
groups (Table 4.5) and these findings were similar to most of the previous studies 
(Table 2.1). 
Solvent exposed workers had an average of 9.3 symptoms, while workers from 
non-exposed group reported 7.3 only, suggesting that there was a marked difference 
between the two groups. 
When exposure status was re-defined using air sampling results, significant 
differences were found in prevalence of symptoms in different exposure groups (Table 
4.11-4.14). 
The present study focused on the differences in the 61 symptoms prevalence in 
regards to the solvent exposure status (both by job titles and solvent measurement 
levels). Due to the large number of symptoms prevalence being compared, it was 
difficult to tell if some of the differences in symptoms prevalence could have occurred 
by chance alone. For example, the prevalence of low back pain (a dummy symptom) 
showed significant difference among the three different exposure groups of n-hexane 
(Table 4.11). 
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Linear trends were found between n-hexane exposure groups and symptom 
prevalence, that is, the higher the exposure, the higher the symptom prevalence. And it 
was obvious that as the n-hexane exposure levels exceeded the TLV, the symptom 
prevalence increased almost twice when compared with the 1/2 to 1 TLV group in 
most of the symptoms. 
On the contrary, the linear trends associations were not found between toluene 
exposure groups and symptom prevalence. As the concentration levels increased from 
<1/2 TLV to 1/2 to 1 TLV, most of the symptom prevalence decreased. However, the 
symptoms prevalence increased almost triple when the toluene concentration levels 
) 
exceeded the TLV as compared with the 1/2 to 1 TLV exposure groups. It was 
difficult to explain such a phenomenon, but various forms of interactions (e.g. 
addition, synergistic, antagonism) among the chemicals might contribute. 
Both the correlation test and the student's t-test were used to study the 
relationship between the duration of solvent exposure and the average number of 
symptoms per worker. However, no significant difference was detected. Years of 
exposure to solvents at the presentjob correlated poorly with the number of symptoms 
(r=-0.03, p=0.34). By dividing the workers' duration of exposure into less than 5 years 
and equal to or more than 5 years, no significant difference was detected in the 
average number of symptoms per worker between the two groups (t=1.28, p=0.201) as 
well. 
The finding of an association between solvent exposure and symptoms did not 
necessarily indicate that the symptoms were caused by the solvent exposure. Jn the 
multivariate logistic regression analyses, solvent exposure was only a risk factor for a 
few symptoms, for example, reduced temperature sensation in hands (OR = 1.05，95% 
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CI 1.01-1.10)，dimmed vision (OR = 1.04，95% CI 1.02-1.06), and forgetfulness (OR 
=1.03, 95% CI 1.01-1.04) (Table 4.17). 
On the other hand, overtime work seemed to be an important risk factor for 
most of the neurological symptoms like reduced touch sensation in hands (OR = 5.05, 
95% CI 1.92-13.29) and feet (OR = 6.38，95% CI 1.61-25.30), reduced temperature 
sensation in hands (OR = 3.04，95% CI 1.16-7.96) and feet (OR = 3.48, 95% CI 1.28-
9.43) and drunken feeling (OR = 2.17, 95% CI 1.17-4.02). However, overtime work 
might be itself related to more cumulative exposure to solvents. This might explain 
why solvent exposures did not show up constantly as a risk factor for most of the 
symptoms. 
Besides, the present TLVs used were applied to workers on an assumption of a 
conventional 8-hour day, 40-hour week work schedule. For unusual work schedules, 
the ‘Brief and Scala model' should be applied instead. The model reduces the TLV 
proportionately for both increased exposure time and reduced recovery (non-exposure) 
time (ACGIH, 1996). 
It was difficult to ascribe specific health effects to specific concentrations of 
organic solvents because people vary greatly not only in their exposure to substances, 
but also in their subjective responses and complaints. 
The three dummy questions (low back pain, stomach upset, and urinary 
infections) being used in the questionnaire did not show any statistical difference in 
the symptom prevalence ratios between the solvent exposure group and the non-
exposed group (Table 4.5). This observation offered support to the fact that 
differential reporting of neurological and other symptoms was unlikely in the solvent 
exposed and non-exposed groups. 
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tideed，workers in printing plants, whether they were working in the office, in 
the press room or in the bookbinding section, might all encounter the problem of low 
back pain. This was especially true for printing and bookbinding workers who had to 
do a lot of manual handling work. In addition, stomach upset and urinary infections 
had not been shown to be related to solvent exposure at work. Hence, the three 
dummy questions were pretty good questions to test if there was differential over or 
under reporting of symptoms at work in any of the exposure groups. 
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CHAPTER 6. CONCLUSION 
The present study showed that a significant proportion of the printing workers 
experienced low back pain (45.5%), nasal irritation (44.4%) and reduced sense of 
sight (42.8%), especially on work days. In addition, solvent exposed workers had a 
higher prevalence of neurological symptoms than workers from the non-exposed 
group. Workers in the higher solvents exposure groups generally had a higher 
prevalence of symptoms. Furthermore, overtime work seemed to be a risk factor for 
most of the symptoms. 
Although a wide variety of organic solvents was being used in the printing 
industry in Hong Kong, air sampling results showed that n-hexane and toluene were 
the major components of these solvents. Workers from the printing press rooms were 
exposed to higher levels of solvents than those working at other locations within the 
factory. 2.7% (17/636) and 3.5% (22/623) workers respectively were exposed to n-
hexane and toluene exceeding the ACGIH TLV-TWA. 
The results of the present study did not show new scientific implications in the 
field of organic solvents effects on human, however, it did add a small piece to the 
understanding of neurological symptoms among printing workers exposed to organic 
solvents in Hong Kong. 
The CNS symptoms were frequently found to be the earliest form of chronic 
toxicity resulting from organic solvent exposure (Baker et aL, 1985; Spencer and 
Schaumburg, 1985; Waldon, 1986; NIOSH, 1987; Axelson and Hogstedt, 1988), 
however, the use of neurological symptoms questionnaire as a tool for the early 
recognition of occupational hazard has not been widely practiced because of the non-
specific nature of these symptoms. 
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As for the present study, the symptom questionnaire can be used as a kind of 
screening tool. Workers with multiple significant health problems may be investigated 
further by a long-term follow up of symptoms and batteries of objective 
neuropsychologic performance tests. Neurobehavioral tests, such as the WHO NCTB, 
would be useful as more objective outcome measured in future studies. In addition, 
routine environmental and biological monitoring of the workers should also be 
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香 港 中 文 大 學 社 區 及 家 庭 醫 學 条 
印 刷 工 人 職 業 安 全 健 康 調 查 研 究 
I 
E M 1 
隱 釅 
聯 络 日 期 ：  
公 司 編 號 ： 口 口 口 
公 司 名 稱 ：  
電 話 號 碼 ： 
1 . 是 否 藤 意 參 與 本 調 査 硏 究 ？ 
• 藤 意 口 不 藤 意 • 暂 時 不 能 決 定 ， 再 聯 络 
I�贵厳或贵公司有有印桐工序？ 
• 有 • 柯 式 • 活 版 • 平 版 • 照 相 0 版 • 罔 版 • 其 他 
• 有 
• 
3 . 除 印 崩 工 序 外 ， 有 朽 其 他 工 序 ？ 
• 有 • 出 版 • 植 字 • 校 對 • 正 稿 • 5 0 版 • 拼 版 • 分 色 
• 切 紙 • 淺 金 • 上 膠 • 包 裝 • 行 政 • 其 他 
• 有 1 
4 . 預 定 第 一 次 探 訪 日 期 及 時 問 ： \ 
— ~ ~ — — " ~ ~ " ~ " ~ " « — " " — " " ~ " ~ " ^ " ~ — ~ « — ^ ~ ~ ~ « « « ~ - ^ « « t 
5 . 詳 細 地 址 ： _ ^  ！ 
_ > — — I 
: I 
~ ~ ^ ^ ~ " ^ " " ~ " ~ ~ ~ ~ « ~ ~ ~ ~ ~ « ~ ~ ~ ~ ~ — « « ~ - « i 
‘ I I I 
e .聪络人： 丨 
罨 話 ： 
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.： Appendix C 
： i - • . 
Ji FACULTY OF MEDICINE , 香 港 中 文 大 學 
^ ^ THE CHINESE UNIVERSITY OF HONG KONG 醫 學 院 
j  
TELEGRAM • S l N O V E R S I T Y TELEX. FAX.  電報掛號6331 溫‘報訊號50301 CUHK HX 窗$傳眞（852) 606 3500 
DEPARTMENT OF COMMUNITY AND FAMILY MEDICINE 社區及家庭醫學系 
‘;： LEK YUEN HEALTH CENTRE 香 港 新 界 沙 田 瀝 源 建 康 院 
SHATIN’ N.T.. HONG KONG 電 話 ： | |||| 
TEL mmmmmmmmmmm iEU692 8784 
[ TEL:692 m4 I 
I 敬 啓 者 ： 1 
\ 
6 ^ ^ ^ | ^ 1 1 ^ £ ? 1 1 及 家 庭 醫 學 条 現 正 進 行 一 項 有 闘 印 刷 行 業 工 人 
2 5 _ 健 _ 5 _ ? ^ 丨 1 内 容 包 括 工 人 健 康 問 卷 、 身 體 檢 查 以 及 空 氣 樣 本 
2 § 5 ^ _ 所 2 資 料 抵 作 统 計 分 析 之 用 ， 其 他 將 予 以 保 密 。 是 項 謂 查 服 務 
? 5 £ 签 , 砠 本 急 不 會 向 貴 公 司 收 取 分 文 ， 此 外 ， 有 闋 貴 公 司 的 檢 驗 
/ 或 化 驗 結 果 ， 更 可 視 乎 貴 公 司 之 要 求 而 發 回 。 
1 0 ^ ^ ^ ^ 後 ， 貴 公 司 成 為 我 們 的 調 査 對 象 ， 本 条 研 究 助 理 李 雅 蘭 小 
姐將會在短期内與你們聯絡，商量有闘事宜。本謂查乃屬全港性謂査， 
! 2 2 — 貴 务 、 5 的 芒 , 亨 及 參 與 ， 希 望 貴 公 司 能 通 力 合 作 ， 不 便 之 裹 ， 
I 塾請原银。偏右貴公司有任何疑問，可於辨公時間致電 6 9 2 8?69李小姐 丨 査詢。 f • 
i -f .: 
I ‘ 
i 
I ^ 太 ^ ^ 太 ^ ^ ^ ^ 太太太太 X X X X X X X X X X X X X X )^  X X X X X X i 
I Dear Sir / Madam, I •- ‘ I 
！ :. i 
The Department of Community & Family Medicine of the Chinese 
I。 University of Hong Kong is now conducting a survey on the occupational health 
i j of printing workers. The study will include questionnaires, physical examinations 
丨！ and air sampling. The collected information wiH be treated as strictly 
； confidential and will be used only for the mentioned research. There Is no fee 
I involved in any of the medical examinations and air sampling, and at your 
I request, we can give you a summary of the results regarding your company. 身 >< 
， Your company has been choosen to be Included in this study. Our 
t research assistant, Miss Lee Nga-Ian, will contact you shortly through 
I telephone. Should you have any queries, please feel free to contact Miss Lee at 
f 692 8769 during office hours. •"^ 1 > . : ? - / -
; : i Thank you very much for your kind attention. Your cooperation will be 
蓄 highly appreciated. 
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Appendix D Idendflcadon 
Name: ^ Male/Female 
Date of bijTh: Plant name:  
How long have you been in contact wi[h organic solvencs? i 
I 1 
years and months | 
. I 
Pan I i 
I 
• i 
When you are working.wich soivenc(s), do you have the following i 
sympcoms? (Give 〇 for yes and x for no.) ! 
1- Irritation in eyes 7. Face flashing | 
2- Dimmed vision 8. Dizziness i 
3. NasaIirricadoa 9. Roacingseasacion i 
4. UnusucLl smeU 10. D r u n k e n f e e l i n g I 
5. Sore throat 11. Heavy feeUng in che head j 
6. Unusual taste 12. Headache ； i 
Part 2 ； 
i 
Have you ever experienced che following sympcoms in the past 3 | 
months? (Give 〇 for yes and x for no.) | 
1. Heavy feeUng in the head 62. Changes in perspiradon 
2 . Headache pa[tem i 
3. Dizziness 33. Irregular menstruacion ： 
4. Nausea 34. Increased mensirual flow* | 
5. Vomiting - 35. Reduced sexual desire 
6. Difficulty in sleepmg 36. Dimmed vision i 
7. Nightmare 37. Scrained eyes j 
8. Anxiety 38. Ringingin ears 
9. Nervousness 39. Loss in hearing capacity 
10. Lighc-headedness 40. Difficulty in speech 
11. Muddle-headedness 41. Reducedsenseofsmell 
12,. Loss of consciousness 42. Reduced sense of tasce 
13. Forge:fuLness 43. Unusual casre [ 
14. InabiHty to concencra:e 44. Joinc pain 
15. Tremorin extremities 45. Increased sensiciviry of skin | 
16. Cramp in extremities in extremities i 
17. CoQvulsion . 46. Chill sensacion in 
18. Faintingafcersudden extremities 
standing up 47. Abno.rmaI feeling ofskin 
19. Paipi:acioQ in ext remit ies 1 
20. Tighmess in ches: 4S. Reduced grasping power | 
21. Breachshoriage 49. Reducedmuscle power | 
22. Geaeral dullness in extremides 
23. Dullness in exirerricies 50. Proneness co smmbIe : 
24. Poor appecice during walk ； 
25. Abdominaipain 51. Roagh skin j 
26. Drv mou[h 52. Unusual feelin? in chroac ‘ 
• ~ i 
27. Scomach upsec 53. Frequenc cough ‘ 
28. Loose boweis 54. Frequenc bleeding from gums 
29. Bound bowels 55. Frequen: nasaI bleeding* 
30. Body weighc loss 56. Frequenc skiq. infecrion* 
31. Feverishness 57. Reduced alcohol tolerance 
,. Noce: The questionnaire, modified from Inoue (1983)，was origi-
‘ nally in Japanese and was translated into Chinese for the presenc 
survey. The asterisk (*) indica[es the chree quesrions added for [he 
presenc survey. 
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香 港 中 文 大 學 社 區 及 家 庭 醫 學 系 - . : ^ * , ; , r " l ^ f l ^ 
印刷工人職業安全健康調查研究 : : f l •：•：•： 
i - -‘ 
.' . ^ 
；• • • . . • . - ‘.... 
!• 研究組 ::: 
： • , 
： £ 1 _ 气 | ! ; ^ ^ ^ ^ ^ , 3 賽 息 的 在 了 解 印 刷 工 人 一 般 健 康 狀 況 5 1 ^ 印 刷 用 之 工 苹 化 學 品 丨 體 _ ^ ^ 嘉 涯 妻 ^ | ^ % ^ ^ 化 學 品 的 知 識 ’ 或 提 洪 相 _ 職 業 ^ 驗 3 > ^ 致 
i 
公 司 编 號 ： • • 口 
I 身 份 ^ 號 碼 ： 
i i^ m^m^  
i 
I ^ ^ m r ^ w n 
！ 
1 .在現公司工作 已 年 
2 .過去1 2個月內主要工作地點： 
1豐贫室：1腦伊宏部、打固定工作地點 2裝釘、包装、切紙 3製版或印刷 
！‘ 3 .過去1 2涸月內主要從事： 
\ 0 1 娶竖 2 ? ? S 0 3 正 稿 。 ^ 行 政 0 5 植 字 0 6 分 色 0 7 切 紙 
丨 0 3 资 金 0 9 上 藤 1 0 钉 裝 1 1 晒 版 1 2 拼 版 1 3 印 刷 1 4 其 他 _  
I 4 .在目前工作商位已工作 年 / 月 一 
I 5 .每日工作時間：由 至 共 小時 
6 .每週工 作 _ 天 ； 平 均 每 週 加 班 約 _ _ _ _ 小 時 
7 . 是否需要輪班工作： 1需要 2唔需要 
8.若需要輪班，工作時間是 
1固定輪夜班，由 'M  
2日夜輪，每 輪一次.日：由 圣 
1 夜：由 M  
9 . 你是如何入行？ 
1 學師 2工業學院訓续 3職業先修學校 4其他_  
9 不適用 ； 
(以下兩題抵適兩於印刷工人） 
； 1 0 .平均每日抹藤布 :k 
转版 =欠 
墨键 . ¾ 
11.每次抹膠布需時 ^>鐘 
華版需時 ^ 鐘 





i - . '» ' • ‘ . . < ^ / . '^f'it vf^ 
. . . . . ‘ . 」 ' - - - . : ' ^ ' ^ : £ - ^ 
. ‘ . : " 一 拥 : . : 、 球 





2 菅 *年 ,月 
13.以往工作有否接辑铅、水銀或有儲溶劑？ 
1 打 
1 1 ¾ % _：化學品’（大量、普通、少量）接親 
'm\^^i^mimwslmm^.m^Yfl^ 
14.目前工作是否需要接辣化學品？ 
0不是 1間中 2经常 9唔清楚 
丨15. 5 2 2 4 ¾ ! ^ ¾ ^ 、 ^ ^ ^ ^ 油 、 洗 機 水 、 牛 奶 水 、 酒 精 、 水 斗 水 、 丙 醇 、 墨 _ 水 、 丨 疋影或顯影欣、點膠、亞拉伯膠之類的東西？（請圏出有用過的化基羞）网°"总_水、 
1 6 .有宅，§住學昆容器上的摞链？（泛指所有標攝） 0 ?T,因為 
I ^ , ^ , ^ ^ ^ , , ^ ^ 不 是 是 
j 唔得閒，打時間，庭煩 • • 
i 太複雜，看不明白 • y 
! 英文，看不明白 口 n 
丨 太簡單，打實料，唔需要看 • y 
係用慣的化學品，唔需要看 S • 
老閲或工友曾经講過，自已費事看 口 口 
認為化學品唔會對自已有大影響 • • 
打標攝 • • 
其 他 _ _ _ _  \ ^^^^~*"*^"^ "^^^^~"~"*"^"^  i ‘ 
1有，因為 
與自已有切身關係 # • 
新產品 • • 
標键吸引 • • 
老閲或管工要求 口 • 







1 8 .若你有看過標適’你留意到標發上有下列那些實料？你認為應否包括這些實料7 
/f a, d ^ ^ ? 打 有 不需 應 — 化學岛名稱 • 口 口 • 
化學品浴稱 • 口 口 口 
警告符號，包括危險分類 • • • • 
危險情況 • • 口 口 
安全措施 • • 口 • 
洪應公司實料如地址、電話等 口 • • • 
該化學物質對身體健康的影響 • • • • 
急救處理方法 口 • 口 口 
化學廢料寒置方法 • 口 口 口 
广 
/ • . • 
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19. ^^冥打趙過一條丨1|1廠2工業经營（危險物質）條例？ •.,..-....... ..•-,-..；.； 
U Tl 1 有 ' - “ ,':.. 二 ： 
• 打 .‘• -：••：：€•• 
, ‘,—•, ‘.: 一 .J • • 
2 0 .若有，你認為以下那些是這條條例規定的内容？ 
TT M. 且 ..."/ ..;:;;:‘". 盟 1 § 1 $ 1 1 1 都 受 此 條 例 管 制 • • ;):.::::.: • 
堡丢-空華整卮險物質的容器加上標攝 • Q 售 2 会 志 盃 置 营 1 愁 1 1 存 在 的 地 雾 遷 食 或 吸 煙 吕 吕 造 璺 5 置 结 《 曼 铁 物 質 的 安 全 資 料 • • 
僱主要提洪安全訓练給工人 y y 
|, 僱主要提供防護衣物及設命给工人 • g 
1 2 1 .你認為標攝上的賈料是否足夠7 
0 唔 足 夠 1 普通 2很足夠 9唔知道 
丨 2 2 . 你 對 化 學 品 的 認 識 | | _ 自 ： （ 請 選 一 項 ） 
丨 1 1 罕 盘 \ 2 S = ^ ^ ^ ^ ^ 纟職業訓辣學校 % §王處 5職呆安全健康局 6 傳 媒 7 其 他 
丨 2 3 . 伊 證 脅 息 前 勞 工 声 髮 5 人 推 廣 工 業 化 學 & 知 識 是 否 足 夠 ？ 
0 唔 足 夠 1 普 通 2很足夠 9唔知道 
j 24. «證會息已费所使用化學品的安全知識是否足夠？ 
I 0 唔 足 夠 1 普 通 2很足夠 9唔知道 
1 2 5 .你有行參加過任何有關工業化學品安全的課程？ 
I 0 n 1 有 
j 
i 2 6 .你認為有否需要增進有關化學品的知識？ 
i 0 节 1 有 
I 2 7 . ，宣，—為 _應該由那方面提供？（請選—項） 丨置壬處 2 職業安全健康局 3職業訓续學校 4 僱 主 5 其 他 
I 2 8 .你 _歡透過那種方式將化學品的資料介绍俾你？（請選一頂） 
1 f i i g | 6 3雲墓教材如錄音-_、幻燈、錄影帶 
2 9 .你上司有打話過你知廠房內有那些安全措施要留意？ 
0 n 1 有 
！ . » 
：30 .你上司有方主動提供有關化學品安全的資料俾你？ 
0 n 1 有少少 2通通有 9 唔 知 
31.你知唔知在公司內，你可以問邊個索取有關化學品的安全資料7 0 唔 知 1 知 
！ 32.人行時，有有人指導你如何使用化學品？ . 
0 n 1 有 
丨33 .有打人話過你知要小心使兩化學品？ 
0 打 1 有 
I 34.若有，你認為點解但地要你小心使用化學品？（請選一項） 
1公司政策 2老闆關心 3怕有意外 
4政府規定 5 其 他 
/ .. j. . . - • 
‘• 
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& 
5 • • 
i . • . . " . : . : . . . . . . ； 
扔.你智，知急救箱在那褢？ . ） s , g a f . " : i k . 
0 唔 知 1 知 . 2 唔肯定 界::》丨/,:..:3 
. . - • - . '• . - : 
i 3 6 .你認為蔽房内化學品氣味是 ：：¾¾..:)¾::. 
0 唔 資 有 1 閒中有 2 经常有 g 唔清楚 … : 
5 - .. “ '•' ‘ ：. 
i 3 7 .你認為廠房內化學品的存放情況是 
I 0 很 危 險 1 過 得 去 2 十 分 安 全 9 唔 清 萣 
i 3 8 .你認為廠房内化學品的標攝是 
0 不 清 晰 1 普 通 2 十分清楚 g 唔知道 
丨 3 9 .你尉蔽變内的空調設潜是否滿意？ 
0 不 滿 息 1普通 2十分滿意 9無意見 
丨 4 0 . 工 作 時 ， 
^ j 有行用 丨丨係邊類型 |老閨供應定自已買|有打人敦過你點用|有打定€^ 
\ 5 ¾ ! 1 5 } 5 11 老閨 2 自 已 丨 Q fj^^^^^Ti tr^“r7ll 
丨 S 5 2 2 } 5 丨 1 老 聞 2 自 已 1 0 行 1有 0 ¾ i I 
5 i 0 U } i 11 老闆 2 自已 I 0 n 1 有 0 n 1 } 
i | 其 他 0 打 1 有 | 1 | 1 老 閣 2 自 已 I 0 节 1 有 1 ^各 1 I II 
： ‘ ‘ ‘ '{ 
t 
I 4 1 . 若 果 你 工 作 時 完 全 無 用 手 套 、 口 罩 或 耳 塞 等 個 人 保 護 器 具 ， 原 因 係 
器具品質太差 ， • 
怕人笑 • • 
唔舒服 口 口 
認為化學品或噪音唔畲對自己有害 • 口 
資得會阻礙工作、寂煩 • • 
丨 大小唔適合 口 口 
其他 -
42.你在工場內有打進食或飲水？ 
0 從 來 都 行 . 1 好 少 2間中有 3經常有 
：43.你進食或飲水前，有打洗手？ 
0從來都打 1好少 2間中有 3经常有 4 一定有 
丨44.你用完電油、火水或酒精等的有儲溶劑之後，有行將蓋蓋好？ 
0從來都打 1好少 2間中有 3经常有 4 —定有 ’ 
9不適用 
.45 .你認為吸人化學品對身體健康有有影響？ 
0 行 1 有少少 2有好大影蜜 9 唔清楚 
‘46.你爱得化學品會封身體那方面有影響？ 
r j 有 唔知 
肝 • • • 
肺 口 • • 
聚 • • • 
皮床 • • • • 
心艇 • • • 
循環糸统卜 • • • 
消化糸统/ • • • • 
神經糸統/ . • • • 




I • I \ 
i 
^ 
« » | | ^
 . r 
 











® ? : /


















 » U I a u l l « » l » a » I B I » l n » .
= - -
i l « n B U H » i » n u n " » u l 



































































































































































x ^ 3 ,












































































































































































































































































































































































































































,‘‘'‘• 、 :••).':。'：，•-；% .,- , . , , ' ^ 4 
. / • • . • / • • T^ ^ p . . ' • ‘ ‘ • ,..,.V ‘ •, ,• . .,.-• ‘ ，•, • • • … > ' j 
• ‘ . “ •: '、., ：‘ : . . . , ' , : ‘ ,.' • 
: ‘ ‘ , • ： • :...、:,-,•:. ？ . . ‘ 、 V • ; ; - V -
週末或假期围： 
塾靈5舊5困難 〒 - ? 严 很 3 有 間 3 有 常 亨 常 常 有 1 ( » . ^ ^ 1 : ; 
f f ] 2 3 4 • - �1 1 ' ^ ¾ ^ ^ ¾ ' : 氣{£ ^ ！； 2 3 ：‘ - 4 - : ” �| - : :^『乂 广 身 
^ } 2 3 4 ^ ^ ^0" ； ^ - ^ 
2 3 4 S ； V ^ I 2 3 4 II 0 - 1 -： 
^ 2 3 4 II 0 1 
― 一 - - — ^ } 2 3 4 II 0 1 
纟 1 2 3 4 II 0 1 ^ } 2 3 4 II 0 1 
] 2 3 4 II 0 1 
皮 窗 間 題 （ 敏 感 、 發 炎 、 痕 湊 、 起 紅 斑 等 ） - _ 8 ； 2 3 4 II 0 1 
丄 2 3 4 II 0 1 
(：以下抵適用於女性） 节 ^ 了、一„ 
P f 不週用 
有否经血流量增加 ：1 丨 言 ( 以下衹適用於已婚人士） 行 有 ^ ^ ^  f f 不 ^用 
^孟感苜有沒有衰退凝狀 打 有 
^ ^ A 1  0 1 
1 0 1 
有否因為體力不足而減少運動量 ？ f 
:有否對酒精類飲料闘限下降 0 1 
I mmmwNmF^ 
i 5 0 . 家人有否患有以下疾病 
老人痴呆症 沒 口 有 s 不 § 道 隱 
桕金遜病 口 口 口   
库酒症 • • 口 • 
： 5 1 . 你曾否患有以下疾病 
不普 曾 
高血歷 • • • 
心M病 • • 
. 糖尿病 • • 
慢性氣管阻塞病 • • 
甲狀腺病 • 口 
頭部受創 口 口 
‘精神衰弱 • 口 
捧潤症 • 口 
肝病 • • 
i 聚病 • • . 
H 5 2 .你以前曾否住院留翌？ 
0 打 
1有 .因  
/ 、 - . 
. / , . . . 
’： 137 
I 
：丨 . . , . - . . . . • . • ‘ . . , . . ‘ . ‘ ,• • � . '^ V* 
. . . • •;/ , ;, ^ , ； •-• 
. ‘ “ • • . , . 、 . 




i 5 3 . 吸煙習慣 
0 未 盲 吸 煙 
1 普 吸 煙 ^；平均每天吸 枝香煙；已戒煙 年。 
.枝雪筋 . 
” 2 吸 煙 已 ^；平均每天吸 . 4 ¾ ¾ 。 
枝雪55 
(其他） 
• 5 4 . 飲酒習慣 
0 偶 然 或 交 際 時 
• 1 普 经 常 性 软 酒 _年；平均每天软 键啤酒；已戒酒 年。 
： 兩烈酒 
； 2 经 常 性 飲 酒 已 ^；平均每天飲 4 ¾ ¾ . 
'； 兩烈酒 
： (其他.） 
； 5 5 . 現 時 有 否 经 常 服 用 藥 物 ？ 
丨 0 打 
r 1 有 ’ 是 — • — ： ^ , 已用 _ d ^ 
丨 5 6 . ，募對汽油、點，警塗改疲有興奮感覺及上键傾向？ （ 唔聞晤舒狠） 
I i f f l B E l 
‘ 5 7 . 年 龄 ： _ _ _ _ _ 
K 
5 8 . 性 別 ： 1 男 2 女 
I 
； 5 9 . 居 港 年 期 ： _ 年 / 月 
I 6 0 . 婚 姻 狀 況 ： 1 未 婚 2 已 婚 3 喪 偶 4 雜 婚 
I 6 1 . 子 女 人 數 ： 
； 6 2 . 教 育 程 度 ： ^ 2 2 芊 歪 式 教 育 ， 2未完成小學 
1 s S i ' f 4 未完成中學 
i ? 笑 蜃 罢 5 上 6完成工業學院誤程 
' . 6 3 .昔接受正規教育/正式上學 年 
r 6 4 . 最 常 用 語 言 ： 1 廣 東 話 2 普 通 話 3其他^ 
6 5 .，赏慕雳5間接接額化學品的嗜好？（如彻模型、搖控車等） 
V vE米沒胥 
^ 》 ^ i S , i ^&誉晏，已停止接額 年/月 
i i 2現時有，是 化學品，平均每月接^ . f ^ ^ 
! ^  ！ ！ I I 
i w * 
厂 . _ . V 
1 ‘？ . 
. 
i< r .. 
F , . 
t ^. r • i： 
: \ . . • 
. •-
、 • ！ 
；, • 138 I I ： ‘‘ -
I I . � 
‘ . '• ‘ • .‘ 、•’ • . . V ,、 '• . 
: • - , .. --,'V' .：'•；.-；'•.. '. 
* , . : .•’ ‘‘» • • ^ ‘ • . . 
s m ^ : 鸦 . : ; 梦 
. 入 vfc-t<i^^,-
； , • ( 
6 6 . 血 壓 ： _ ; mmHg . . �). ” ” � _ c ; ” 
. . / . • ' . . ' … - - r . r ; v . 
6 7 . 脈 博 跳 動 ： , ' ' ' i ; :'r3'：厂 
~ ' ~ " ^ ^ — — — ' — — _ _ _ _ _ _ _ _ ^ … • • 
6 8 . 尿 液 測 試 ： 
尿蛋白 1 -ve 2 +ve 
尿糖 1 -ve 2 +ve 
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M f f l 
5 3羞纟^^^ ^ ^ ^成，調査目的在了解印刷工人—般健康狀況及對印刷用之丁翠仆墨口 
愛 _ 1 & 研 # 益 有 嘉 1 _ ^ ^ 加 對 ¥ 密 人 。 對 化 學 岛 的 知 識 , 或 提 供 巧 關 的 職 業 监 誌 還 5 1 




1.在現公司工作 已 年 
2.過去12個月內主要工作地點： 
1證盆室二5腦《字部、打固定工作地點 2裝釘、包裝、切紙 3製版或印刷 
3.過去12個月內主要從事： 
01出版 02校對 03正稿 04行政 05植字 06分色 07切紙 
0 8 资 金 0 9 上 膠 1 0 釕 裝 1 1 晒 版 1 2 拼 版 1 3 印 刷 1 4 其 ? £  
4.在目前工作闺位已工 作 ― 年 / 月 
5.每日工作時間•• 由 至 ,共 小時 
6.每週工 作 天；平均每週加班約 小時 
7 .是否需要輪班工作：1需要 2唔需要 
• 
8.若需要輪班，工作時間是 
1固定輪夜班，由 m  
2日夜輪，每 輪一次，日：由 M  
夜：由 至 
9.你是如何入行？ 




1 不 曾 
2 曾 _ _ _ _ _ 年 / 月 
13.以往工作有否接觸铅、水銀或有機溶劑？ 
1 打 . . 
2有，皇一 ，化學品，（大量、普通、少量）接額 
. 3 不 清 楚 




！ • . ' . 
i •: \ 
a » m M n m M M a M M i | q B _ 
4 5 . 你 §為吸入化學品封身體健康有打影弹？ 。 
0 打 1 有 少 少 2 有 好 大 影 響 9 唔 清 楚 
4 6 . 你覺得化學 £畲對身體那方面有影蜜？ 
^ % 有 唔知 g • • • 
§ • • • f ^ • • • ‘ 皮 1 • • • 心 M • • • 
循環系统 • 口 口 
消化糸統 • 口 • ‘’ 
神經系統 • 口 • 
骨豁 • 口 口 
mmmmmmi 
4 7 .過去三個月曾請病 假 ^，共 日； 
其 中 最 多 病 假 日 數 是 _ 日.因  
4 8 .你認為以上你曾患的病症是否與工作有關？ 
0 不 是 1 是 9 不適用 
4 9 .王 2歷 5否下列癒狀 （ 請選擇其中最適當的號碼形容這些癒狀出現的頻率) 
冥 5 罢 竖 祟 霊 薛 2 5 5 3 2 有 至 常 常 有 （ 即 2 , 3 , 4 ) ’請回答這些癒“有否 
在週末或假期間有退減跡象？ 
週末或假期間 
阻 邱 1 输 從來^有很少有間中有常有常常有丨丨有否打退減有跡象 
S S 5 f � 1 2 3 4 II 0 1 
% 赛 稹 糊 0 1 2 3 4 1 0 1 f ^ ； ： " 0 1 2 3 4 1 0 1 
i S 5 S S 1 2 3 4 I 0 1 虔 5 憑 常 “——0 1 2 3 4 1 0 1 
f i f - 0 1 2 3 4 0 1 
^ f i l 0 1 2 3 4 I 0 1 
容易疲勞 0 1 2 3 4 II 0 1 
無故出汗- 0 1 2 3 4 0 1 
臉部發紅 0 1 2 3 4 I S 1 
頭昏 0 1 2 3 4 II 0 1 
l i i ^ 0 1 2 3 4 1 0 1 
頭重重 0 1 2 3 4 1 0 1 
經常頭痛，68—星期最少有一次頭痛 0 1 2 3 4 0 1 
作幅 0 1 2 3 4 0 
有否感覺心口緊束 0 1 2 3 4 i| 0 1 
手麻痺 0 1 2 3 4 1 0 1 
i i ® 0 1 2 3 4 1 0 1 
S I 5 2 1 2 3 4 II 0 1 
i i ^ 0 1 2 3 4 II 0 1 
手鞋抖 0 1 2 3 4 I! 0 1 
腳耗抖 0 1 2 3 4 II 0 1 
手刺痛 0 1 2 3 4 II 0 1 
腳剌痛 0 1 2 3 4 II 0 1 
手關節痛 0 1 2 3 4 1 0 1 
腳關節痛 0 1 2 3 4 丨  0 1 
f . 




••零 . -- , .i . i • 
. - ： , .•:妙： ‘ '• ,, ','；.[. 
•‘ V ' -
. ,.. 
週末或假期間 
手對震蜜反應遲纯 - ! ! ? r ^ 很 少 1 有 間 中 2 有 常 ？ 常 常 4 有 l Y T ^ 
腳對篇蜜反應遲纯 0 1 2 3 1 n } 
手對冷熱反應遲鈍 0 丨 2 i 1 5 ] 
腳對冷熱反應遲纯 0 1 2 3 4 0 ] 
手敏感度下降 0 2 3 t 0 
腳敏感度下降 0 1 2 3 i 2 h 
身體其他部份有剌痛感覺 0 1 2 3 4 0 1 
霊 ^璧或除鈕扣有困難 0 i 2 3 t 1 0 1 
腰 m 痛 1 2 ？ A I  n 1 
無緣無故心跳加速 0 1 2 3 Z 0 1 
無緣無故地感到不耐煩 0 1 \ \ 1 0 I 
無缘無故地感到沮喪 0 i g 3 4 0 i 
無法集中精神 0 1 2 3 4 0 1 
對2^解報章或雜誌內容有困難 0 1 2 3 4 丨 S 1 
無記性 0 1 2 3 4 1 0 1 
家人曾否對你善忘的毛病作出批|平 0 1 2 3 4 0 1 
要否用記事簿幫助記憶重大事情 0 1 2 3 4 0 1 
常常重覆檢査爐具有否媳滅、門窗有否上鎖 0 1 2 3 4 II 0 1 
失眠 0 1 2 3 4 II 0 1 
說話表達有困難 0 1 2 3 4 II 0 1 
道晋造惡夢 0 1 2 3 4 II 0 { 
5 1 0 1 2 3 4 II 0 1 S S 0 1 2 3 4 II 0 1 
5 1 ； ： ^ 。 1 2 3 4 1 0 1 
盡.蓉不振 0 1 2 3 4 II 0 1 
肚、离 0 1 2 3 4 1 0 1 
痙攀（抽筋） 0 1 2 3 4 1 0 1 
耳鳴 0 1 2 3 4 i| 0 1 
肌肉酸痛 0 1 2 3 4 1 0 1 
尿道發炎 0 1 2 3 4 II 0 1 
皮窗問題（敏感、發炎、痕瘡、起紅斑等）一 0 1 2 3 4 1 0 1 
(以下抵適用於女性） 节 有 不適用 
有否經期不準 0 1 9 
有否經血流量增加 0 1 9 
(以下抵適用於已婚人士） 打 有 不適用 
有否性欲下降 一 0 1 9 
以下感官有沒有衰退癒狀 打 有 
視覺 0 1 
味贵 0 1 
聽覺 0 1 
嗅覺 0 1 
flf 有 
有否因為體力不足而減少運動量 0 1 
有否對酒精類飮料闘限下降 0 1 
r • 
/ 、 . ’ • 
i • 
142 
‘ '. I 
•. • • .« 
•- • • 
mmmrmm 
5 0 .家人有否患有以下疾病 
老人痴呆症 沒口有 g 不§道 關係 
桕金理病 • 口 口 捧擺症 口 口 口 zzzi 
5 1 .你曾否患有以下疾病 不曾 曾 高血歷 • • 
心礙病 • • 
糖尿病 • • 
慢性氣管阻塞病 • • 
甲狀腺病 • 口 
頭部受創 • 口 
精神衰弱 • 口 
痒癇症 • 口 
肝病 口 口 
賢病 口 口 
5 2 .你以前曾否住院留醫？ 
0 打 
1有，因 _ _ _  
i E f l ^ 
5 3 .吸煙習慣 
0未嘗吸煙 
1曾吸煙 ^；平均每天吸 枝香煙；已戒煙 年。 
枝雪筋 
^ „ - 1 (其他） 
2吸煙已_ •年；平均每天吸 枝香煙。 
枝雪25 
(其他） 
5 4 .飲酒習慣 
0偶然歲交際時 
1曾§ %性 ^ ^酒 ^年；平均每天飮 键啤酒；已戒酒 年。 
兩烈酒 
(其他） 
2經常性飮酒已 _年；平均每天飲 键啤酒。 
兩烈酒 
(其他） 
5 5 .現時有否經常服用藥物？ 
0 节 
1有，是 ^ ,已用 ¥ 
56.有打對汽油、點膠或塗改液有興奮感覺及上隱傾向？（唔聞晤舒服） 
0 打 1 有 
r ) -





5 7 .年龄 ：   
5 8 . 性 別 ： 1 男 2 女 
5 9 .居港年期 ： 年/月 
6 0 . 婚 姻 狀 況 ： 1 未 婚 2 已婚 3喪偶 4 離 婚 
6 1 .子女人數 ： 
6 2 . 教 育 程 度 ： 1 2缓罕歪式教育 2未完成小學 
^ s S i � S 4未完成中學 
？ ^ i i g ± 6完成工業學院課程 
6 3 .曾接受正規教育/正式上學 _ ^ 
6 4 . 最 常 用 語 言 ： 1 廣 東 話 2普通話 3其他 
6 5.，赏慕壞2間接接觸化學品的嗜好？（如《1模型、搖控車等） 
U {2b M 沒 W 
1 ^ i 5 , S ^匕學品，已停止接觸 ^ / 月 
2現時有，是_ 化學品，平均每月接函 ^ .KB# 
wtw^m 
66’ 血 壓 ： mniHg 
6 7 .脈博跳動 ： 
6 8 . 尿 液 測 試 ： 
尿蛋白 1 -ve 2 +ve 
尿糖 1 -ve 2 +ve 
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FORMULA: Table 1 ALCOHOLS I 
• • ^ * " - * ^ - - - i - - i - - ^ ^ ^ ^ ^ , ^ _ _ _ _ _ ^ _ _ • ••, . " ^  
H.W.:Table 1 ^^ HOO: 1400 
、. ISSUED: 2/15/84 
^ ^ ^ ^ ~ ~ " * ~ " ~ " ~ * ^ ~ " " * ^ ^ " " ~ " ~ * ~ ~ ~ * ~ " " " ~ " ~ ~ " ~ — ^ ^ ~ ^ * — ~ ~ ~ ~ ~ ~ - ^ _ _ _ _ ^ _ ^ ^ _ ^ 
OSHA/NIOSH/ACGIH: Table 1 PROPERTIES: Table 1 
COMPOUNDS AND SYNONYMS: (1) ethanol: [ethy1 alcohol; CAS #64_17-5]. i 
(2) isopropyl alcohol: [2^ropanol; CAS 拆7“34]; and 
(3) tert^utyl alcohol: [2^thyl-2^ropanol; CAS #75-65>0]. 
聰 跳 ！ H F A . . . P M . . T 
SAHPLER: Y = SfB=Ni n f irECHNIQUE: GAS CHROMATOGRAPHY. FIO : i 
(coconut shell charcoal. 100 mgy'50 mg) ！ | 
m « . r>ATr 6 ^, !ANALYTE: compounds above I FLOW RATE: 0.01 to 0.2 L/min , | 
(0.05 L/min for ethyl alcohol) !OESORPTION: 1 mL IX 2^utanol in CS? I 
VOUHIN: 0(;)L 0.?L 0.?L 丨 臓 議 崎 : 5 .L | 
. : 1 L 3 L 10 L !TEMPERATURE-INJECTION: 200 <>C 
SHTPMFNT- rofrinor..^^ 丨 -OETECTOR: 250 - 300 ®C SHIPHENT. refrigerated ！ _COLUMN: 65 - 70 <>C 
SAMPLE STABILITY: store in freezer; analyze !cARRIER GAS: No or He, 30 mL/min 
as sooh as possible ！ 
B _ : Z to 10 n e . . a n . s pe. set ；⑴議：^SO；^ L ^ T ^ . f ^ t ^ x 1S00 | 
i I 
!CALIBRATION: solutions of analyte in eluent ！ 
队^^。丫 I with internal standard j 
RANGE STUDIED: see EVALUATION OF HETHOO lRANGE AND PRECISION: see EVALUATION OF HETHOO ^ 
BIAS: not significant [1] !ESTIMATED LOO: 0.01 mg per sarple [4] 
OVERALL PRECISION (Sp): see EVALUATION OF ！ 
METHOO I 
I^ICABILITY: This method enploys a si,rple desorption and may be used to detenr)ine two o r ~ i 
more analytes simultaneously by varying GC conditions (e.g.. tenperature progranming). | 
-
INTERFERENCES: High hunidity reduces sarrpling efficiency. The methods were validated using a ；' 
3 m X 3 _ stainless steel column packed with 10t FFAP on Chrcmosorb W ^ ; other columns with 
2 Z f^,，”er resolution (e.g.. capillary) may be used. Less volatile caipounds may displace more volatile compounds on the charcoal. 】 ^ 
0丁啦 METHOOS: This method con4>ines and replaces Methods S56, S65 and S63 [3].  
2/15/84 1400-3 
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ALCOHOLS I  
“ — liinn 
^ T S ; EQUIPMENT: 
1. Eluent: Carbon disulfide* 1 Sarroler. oi^« f.K ， , 
(chromatographic grade) with 1% f w L i f I . ' ^ 细 long, 6 _ 00. 4 _ iD. 
(v/v) 2^u ta^ l and O.k vX a c ^ a ' ^ ^ m t ； ^ t a i n i n g two sections of 
n-undecane. 0.1% v/v ethyl L z e n e ff^Inf i ^ 1 '^"“‘ shell charcoal 
or other suitable 1nternL V t a l Z ^ u t Z ^ Z J l ^ ； ^ ' ' = 50 mg) separated by a 2 ^ 
2. Analyte. reagent grade. _ ^ d . u e t = S T / r i ^ ^ ' ^ ^ ^ ^ T ^lass ^ l plug 
3. Nitrogen, purified prece^sthe front section and a 3 ^ urethane foam 
4. HydSen Jrepurtfied ^'"^ ' ° ^ ^ ^ ^ k section. Pressure drop 
5. A i r r ^ r L S d . f Uered T ^ l T t o ' ^ ^ ' ' ‘ L/min airflow must b e : s 
sea,nitered. ^han 3.4 kPa. Tubes are ccmnercially available 
- - s p e c i a l Precautions. ^' 二 。 = ？ 二 二 。 】 ^ ° 。 . ？ — w U . ' 
3. Gas chranatograph. FID, integrator and column 
(page 1400-1). 
4. Vials, glass, 2 ^ L , PTFE-lined crinp caps. 
5. Syringe. 10-viL. readable to 0.1 yL. 
6. Volumetric flasks. 1 0 ^ . 
二 ： = 二 二 二 = ^ = 二 — - - - ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
SAMPLING: 
1' ^liyrate each personal sanpling purrp with a representative sarrpler in line 
2. Breakthe ends of the sampler irrmediately before sanpling. Attach sanpler to personal sampling purap with flexible tubing. ^ persona\ 
3. S ^ l e at an accurately known flow rate between 0.01 and 0.2 L/min for a total sanple size 
of 0 1 to 1 L (ethanol), 0.2 to 3 L (isopropyl alcohol) or 0.5 to 10 L (t^utyl1^ohol) 
S r I ! t p ^ with plastic (not rubber) caps and pack securely with bagged refrigeran； 
SAMPLE PREPARATION: 
5. Placethe front ^nd back sorbent sections of the sanp1er tube in separate vials. Discard 
the glass wool and foam plugs. 
6. Add 1.0 mL eluent to each vial. Attach crinp cap to each via1 
7. Allow to stand 30 min with occasional agitation. 
CALIBRATION AND QUALITY CONTROL: 
8. Calibrate daily with at least f1ve working standards over the range 0.01 to 6 mg analyte 丨 
per sample. 
a. Add known amounts of analyte to eluent in lO^nL volumetric flasks and dilute to the mark. 
b. Analyze together with sarnples and blanks (steps 11 and 12). 
c. Prepare calibration graph (ratio of peak area of analyte to peak area of internal .: 
standard vs. mg analyte). .、: 
9. Determine desorption efficiency (DE) at least once for each batch of charcoal used f6r I ！ 
sampling in the calibration range (step 8). Prepare three tubes at each of five l6vels^^ ! 
plus three media blanks. ''"''^  
a. Remove and discard back sorbent section of a media blank sanp1er. S i S i 
•^:••:-•4 
- . — . : — — ， • 
. ) . - - . t J t i S i 
/•• . ‘ •、:., 
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HETHOD: 1400 ALCOHOLS I 
b. Inject a known amount of analyte directly onto front sorbent section with a microliter 
syringe. 
c. C$p the tube. Allow to stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph of DE vs. mg analyte recovered. 
10. Analyze three quality control b.lind spikes and three analyst spikes to insure that the 
calibration graph and OE graph are in control. 
HEASUREMENT: 
11. Set gas chranatograph according to manufacturer's recommendations and to conditions given 
on page 1400-1. Inject sample aliquot manually using sol vent flush technique or with 
autosampler. 
NOTE: If peak area is above the linear range of the working standards, dilute with eluent, 
reanalyze and apply the appropriate dilution factor in calculations. 
12. Measure peak area. Divide the peak area of analyte by the peak area of internal standard 
on the same chronatogram. 
CALCULATIONS: 
13. Determine the mass, mg (corrected for DE) of analyte found in the sanple front (Wf) and 
back (V^ j) sorbent sections, and in the average media blank front (Bf) and back ,(¾) 
sorbent sections. 
NOTE: If W^ > Wf/10, report breakthrough and possible sample loss. 
14. Calculate concentration, C, of analyte in the air volume sampled, V (L): 
C : (Wf + Wb-=f-Bb)*103, — 3 
EVALUATION OF METHOO: 
Methods S56, S65 and S63 were issued on January 17, 1975 [3], and validated using 1-, 3- and 
10-L air sanples, respectively, of atmospheres generated in dry air by calibrated syringe drive 
from absolute ethanol, 2H3ropano1 and t~butyl alcohol [1]. Overall precision and recovery were 
as shown be1ow, representing non-significant bias in each method: 
Overall Measurement 
Precision Recovery Range Studied Breakthrough Avg. Precision 
Method (Sr) (%) mg/m® mg per sample @ 2X OSHA OE (Sp) 
S56 0,065 103.6 900 to 3300 1 to 4 1.6 L 0.79* 0.027 
S65 0.064 % . 7 505 to 1890 1 to 5 6.0 L 0.93* 0.033 
S63 0.075 100.3 165 to 600 1.5 to 6 17.0 L 0.91* 0.018 
*Over the range studied. Each laboratory must do their own DE determinations. 




ALCOHOLS I  
_ HETHCX): 14nn 
REFERENCES: 
[1] ^ ^ n t a t i o n of the NIOSH Validation Tests. U.S. Department of Health, Education and 丨 We]fare, (NIOSH) Publication No. 77-185 (1977). taucation, and | 
[2] White, L. D et al., "A Convenient Optimized Method for the Analysis of Selected Solvent 
[3] = ' 二 : 〜 ; 二 丨 广 : 3 1 AtHK>sphere."绝.M. d ^ . ^ . 0.. H^225 (1970 ^"“‘ 
Z T , ^ Z ？ Analytical Hethods. 2nd ed” V. 2” S56, S65 and S63. U.S. Department of 
Health, Education, and Welfare, Publ. (NIOSH) 77>157-B (1977) 
[4] User check, UBTL. NIOSH Sequence #3990-S (unpublished. Novenber 3. 1983). 
METHOD REVISED BY: George Williamson. NIOSH/DPSE; methods originally validated under NIOSH 
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呢 誦 ： 湖 ALCOHOLS I 
Table 1. General information. I 
- ！ 
OSHA V P @ 
NIOSH mg/m^ Density 20 ®C, 
ACGIH = 1 ppm @ 20 ®C BP kPa , | 
Compound (ppm) Formula @ NTP M.W. (g/mL) (。C) ( _ Hg) 1 
Ethanol 1000 CH3CH2OH; 1.883 46.07 0.789 78.5 5.6 
- C2H6O (42) 
1000 
Isopropyl alcohol 400 CH3CH(OH)CH3; 2.46 60.09 0.785 82.5 4.4 
� CgHgO (33) 
500 
I 
tert^utyl alcohol 100 (CH3)3COH; 3.03 74.12 0.786 82.4; 4.1 
100 C4H10O MP = (31) i 
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FORHULA: Table 1 HYDROCARBONS, BP 36 一 126 <>C 
M.W.: Table 1 METHOD: 〗500  
ISSUED: 2/15/84 
OSHA, NIOSH, ACGIH: Table 2 PROPERTIES: Table 1 
COMPOUNDS: b ^ i ^ “ n-heptane  
(Synonyms cyclohexane n-h^ane n^ctane 
in Table 1) cyc1ohexene ••_ , , n^>entane  ycionexene methylcyclohexanG toluene 
SAMPi TMr. ;r777;r  
• MEASUREMENT  
_ & Y r r = I / : M > ; - - ^ - - _ T o c > ^ , ™ : j 
100 mg/50 mg) |ANALYTES: hydrocarbons listed above 
FLOW RATE, VOLUME: Table 3 IhP<;nRPTTrui 1 • � 
!DESORPTION:〗mL CS?; stand 30 min 
SHIPHENT: no special precautions aNOECTION VOLUME: 5 pL 
SAMPLE STABILITY: at least 2 weeks llEHPERATURE-INOECTION: 250 。〔 
BLANKS: 2 to 10 field blanks per set ； " ^ > ' ^ ^ ^ 。 = “ 
. "COLUMN: see step 11 
隨 SAMPLE: 二 = 二 : 0 10 .L; Ship n^ lcARRIER OAS: N^  or He, 25 .L/.in 
separate containers from sanp1es ！ 
!COLUMN: glass, 3.0 m x 2 _ , 20% SP-2100 on ‘ 
ACCURACY — ； 80/100 mesh Supelcoport | 
RANGE STUOIEO, |CAUBRATION: analytes in CS? 
BIAS and OVERALL PRECISION (s,): Table 3 iRANGE AND PRECISION (s,): Table 4 
J ！ 
jESTIMATED LOO: 0.001 to 0.01 mg per sanp1e 
• with capillary column [1] 
二 二 1 = ; „ ' l ' ^ T i s : , n d e d for detennining the O s l i ; ^ _ t e d hydrocarbonl  
^ ^ T . ^ ^ ^ ^ throu,.n^ctane. I t 4 b e u s e " o r 
v o l ^ s and — - f i ; ^ : A i ^ ^ g ^ , o n s between analytes ^ y reduce brea.through | 
^=c=:^?f^S?^^^p^^^;^^^^"^^^^^^^^^V^r^^:^friris："^ i 
likely inte^erencer i 1 * i S t ^ 2 , ^^'°"^'» others, and halogenated hydrocarbons, are j 
te r roeLurr interference is suspected, use a nK^ re polar colunn or change c^lunn j 
^ : = i a h : x h i n V S r U $ t : ? o h： and :「c e d e s Methods P^lir^i；；^；；；；!；；^^?；；^; 
m e t h y l c y ; l o L a n r ^ [ s il 8 L e y n = = L L ] ; / f , h ^ ^ e [3]; S90, hexane [3]; S94, | 
pentane [4] For ^nkno n： ^ ? ], ^^^^' toluene [4]; S378, octane [4]; and S379, 
i ^ r : ^ M i i I L S S : L l S S ; L Z ! : i : ! : ! : ; : i ; : : ; ! ; ; ; ^ ) , _ ^ , 」 
/ 
2/15/84 , c ^ , 
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HYDROCARBQM<;, BP 36-l?fi Qr  
— METHOO: 1500 
REAGENTS: 
l .E luent : Carbondisulfide*, ) l ^ ^ l ' i ‘ ‘ 
Chromatographic quality with f S sealei^^^. ' 1，】。"^, 6 _ 00. 4 _ iD, 
(optional) suitable internal a^^a_t^^ S ^ o ^ ^ ^ n i n g two sections of 
standard. V Z “ ） c ^ o n u t shell charcoal (front 
2-Analytes, reagent grade* ; = = ^ f = ^° ^ ^ ^ a r a t e d by a 2 . urethane 
3. NHrogen or heliun, purifUd. f ^ t ' e c t i o； " f T ' ' ' ^ ^ 咖 �… 叫 p recedes te 
4. Hydrogen, prepurified. t Z L T l l ^' ！ 3 榻 urethane foam plug follows 
5. Air, filtered. !'f,^"站二”加.P^ure drop across【二二 
1 L/nnn airflow must be less than 3.4 kPa 了 = / 
are cormercially available. _ s 
*See special Precautions. '' n^x1btI . ^ ' ? ， ： ？ 力 】 切 0.2 L/min. with nexiDie connecting tubing. 
3. (jas chromatograph. FID, integrator and column 
(page 1500-1). i 
t. Vjals, glass. l_mL, with PTFE-lined caps ‘ 
5. Pipet, l^L, with pipet bulb. . 
6. Syringes. 5-, 10-. 25- and 100-yL 
7. Volumetric flasks, 10wnL 
^ ^ ^ ^ ^ ^ S ^ ^ S ^ ^ ^ ? S ^ i ? ^ ^ ^ 5 ^ ^ s ^ ^ ^ ^ i ? J ^ S ^ ^ i ^ ! 
SAMPLING: 
2： Trl:l'Z = r = a S r = t 1 t ^ : / ^ _ t a t i v e s a ^ 1 e . .n H n e . | 
sanpl1ng p ^ «11卜==6；^。〖=丨31日】¥ 她『日 ^ ^ - 9 - Attach sa,^ler to personal | 
； ; = = u = y s = - : r : - - i ; ^ r 0.2 L _ (0.01 to 0.05 L _ . . | 
' • 鄉 the sanplers with plastic (not rubber) caps and padc securely for s h _ n t . ！ 
SAMPLE PREPARATION: | 
5. Place the front and back sorb^nf co^i-'i^^ ^r xu , 
the glass wool and foaiS plugT ''" _ l e r tube in separate vials. Discard 
5 - v - - ™ ; . : i r . ^ s : - - r v > a i ' — 丨 ) 
CALIBRATION AND QUALITY CONTROL-
“""^^Si jL^ a^^^irrr tg 彻 ^ 也 他 - - - - H a t e . „ . (ca. 0.0, 
: : : y = : = h a = s = t = ( = - - ^ ： ^ ; r and - - to .e . . . 
9 . = 二 二 : = 二 ： i r ; r: ； 二 ) . 
二 = 二 ， = s 二 ； = = = ; 二 丨 
^ ， • : an^ discard back sorbent section of a media blank sarpler 
S g e ' ^ n t of analyte directly onto front sorbe^section w1th a microliter 
/•、 
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~ ~ “ HYDROCARBONS, BP 36-l?fi <>r 
c. Cap the tube. Allow to stand overnight 
d. S ? 3 u " ^ ' 5 thrx>u9h 7) and analyze together . U h wor.1ng standards (steps 1,. ,2 
in V V^^l a graph of DE vs. mg analyte recovered. 
• 二 6 ¥ 广 \ \ ^ ： 广 ^ ^ 1 4 ^ = r i : i i d � r l \ s an. t .ree analyst sp1.es to 1ns .e t . a t the 
s M _ 0 . = 3 ^ ¾ = : = = . m ; ^ b = = = n = . _ 
MEASUREMENT: 丨 
" - - S r r = = = = = = = = _ s a . to c o . U . . 一 ^ 
1 
/ 
Substance ^ r ^ = t e Retention TimP (min), at Indir.tPd C o 1 ^ T ^ r . . . . . . 
^ ^ 1 ^ ProqranJnedi~ 
n~penUne 2 2 1 p 
solvent (CS2) 3:0 】•《 L 8 
n-hexane 5 j ' 2.4 
benzeneb 7'7 “ 3.5 
cyclohexaneb 8:4 ' 4.5 | 
cyclohexene 9 :5 3.8 4.7 
n-heptane 12 4 3 .々9 
methylcyclohexane 14 5 0 5.4 
toluene 17 ^ ^ 2.2 5.9 
n ^ t a n e in „ , 2.6 6.5 ! 
'^ 8.7 3.2 7 , 
:7：^；；6�1^?="|^^ oc for 2 .1n. then 15 <>C_ to l i ^ ^ ^ T l ^ ^ ^ T T ^ ^ I T f ^ ~ ~ 
NOTE: Alternatively, colunn and taiperature may be taken from Table 4. 
12. ^ ject ^ l e aliquot manually using solvent flush technique or with autosani>ler 
,3 : : S r - ~ ^ 一 . j 
CALCULATIONS: 
14- E £ H E = = = = = : 二 = e ( = : d = ;S - I 
m E : lf ^ > Wf/lO report breakthrough and possible sanp1e loss. 
15. Calculate concentration. C. of analyte 1n the air v o l ^ a n p l e d . v (L): 
“ ( w ” v % - ” ) . i o » , _ ，  
^  
/ 
则 4 ,500.3 
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HYDROCARBON<；, RP ^A,]26 <>C 
METHOO： 150n/ 
EVALUATION OF NETHOO: / 
S H ^ £ ™ ^ ^ / 
= = d . Measur^nt precisions (Table 4) were detenn1ned by s ^ s S ^ t = = 二 ‘ = — ^ ^ ^ ^ ^ ^ I 
REFERENCES: ！ 
[1] ^ J Z check, UBTL, NIOSH Sequence #4213-L (unpublished, Oanuary 31 1984) 
[2] NIOSH Manual of Analytical Methods, 2nd. ed., V. 1, P^CAH 127 U De^tn^nt of Health 
Education, and Welfare, Publ. (NIOSH) 77-1574 (1977) ^ ^ °^  ^ l t h , 
[3] I^OSHHanualof Analytical Methods, 2nd. ed., V. 2, S28, S82, S89, S90 S94 U S 
m ^ Z T T f f t = , Education, and Welfare, Publ. (NIOSH) ；7-15；-8 (9)： 
= ‘ of Analytical Methods, 2nd. ed., V. 3., S311, S343, S378 S379 U S 
m r r ^ n t of ^alth, Education, and Welfare, Publ. (NIOSH) 77-；57^ (197 ^ 
L L r S " Z f c a = ^ ^ t i e s of Chendcal Corpounds"; Advances in Lnistry Senes, No. 15, Amencan Chemical Society, Washington (1955). 
[6] R D. Dnesbach. "Physical Properties of Chemical Cotpounds - II"; Advances in chemistrv 
Series, No. 22; American Chemical Society, Washington^SS). $try 
[7] ^ of F^eral Regulations; Title 29 (Labor), Parts 1900 to 1910; U.S. Gover«nent 
Pnnting Office, Washington, (1980); 29 CFR 1910.1000. 
^ l l %l^^"l^ and Recommendations for a Revised Benzene Standard, U.S. Department of 
Health, Education, and Welfare, (August 1976). ^ 
[9] = t e r i a for a Recommended Standard,...Ck:cupational Exposure to Alkanes (C5-C8) U S 
Department of Health, Education, and Welfare, Publ. (NIOSH) 77-151 (1977) 
l 7 Z u J % . " R : c _ n d ^ Standard.,.,Occupational Exposure to Toluene, U.S. Department 
of Health, Education, and Welfare, Publ. (NIOSH) 73-11023 (1973) 
[11] M i - T h r e s h o 1 d U m U V ^ for Chemica1 Substances ^ phys1cai Agents in the Wbrk 
^vironment with M e n ^ Changes for 1983^4. ACGIH, Cincinnati, 5 ^ 0 9 8 3 7  
[12] ^ ^ ^ " t a t i ^ o f t h e NIOSH Validation Tests. S28, S82, S89, S90, S94, S311,.S343, S378, 
S379, U.S. Department of Health, Education, and Welfare, Publ. (NIOSH) 77-185 (1977). 
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HETHOD: lSOn  
~ " • mrOROCARBONS, BP 36^1Pfi。广 
Table 1. SynonVms. formula, molecular weight, properties. 
Name _ . . , ^,〗ec- Boiling Vapor Pressure Oensitv 
一 ^ S S ‘ 1 ^ , y 
benzene^ ^ ^ \ « “ ， 
CAS #71^3-2 > ^ C6He 78.11 80.1 95.2 12.7 0.879 
• 
cyclohexane^ / ~ ^ ^ « u « , , , 
CAS#110~82-7 V y C6Hl2 队 1 6 80.7 97.6 13.0 0.779 
hexahydrobenzene 
hexamethylene ; 
cyclohexene^ / ^ A 广 u ^^ ,^ 
CAS # n 0 ^ 3 ^ V = y k h O 83.0 88.8 11.8 0.811 
tetrahydrobenzene 
n-heptane^ A A A p u , ^ ^, 
CAS # 1 4 2 ^ 2 - 5 C7Hi6 100.21 98.4 45.8 6.1 0.684 
n-hexaneb / \ / \ / r u «, ,^ 
CAS #110-54-3 C6Hu 86.18 68.7 151.3 20.2 0.659 
methylcyclohexane^ / \ r u 幼 , ^ , 
CAS #108^7-2 V y �1 4 98.19 100.9 46.3 6.2 0.769 
n^ctane^ A A A / p ^ 
CAS # n i ^ 5 - 9 4Hl8 114.23 125.7 14.0 1.9 0.703 
n~pentaneb / \ / \ r u ,^ ,«• 
CAS #109^6-0 C5Hi2 72.15 36.1 512.5 68.3 0.626 
t o J r ^ 0 8 l 3 0 ~ C7H8 92.14 110.6 28.4 3.8 0.867 ； 
methy1benzene 
^Properties from [5]. “ .' 
^Properties from [6]. 
/ • • 
/ +• 
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HYDROCARBONS, RP ^f^_lOA o^ 
METHOD: 1500 
Table 2. Permissible exposure limits, ppm [7-11]. 
Substance TWA ' ' ^ Pea. ^ S P S 一 “ ^ ~ ~ 二  - J m _ C Peak J[WA _ C 迎 STEL g ^TP 
b e n ^ e * 10 25 50b i iQ, 25 ” 0 
cyclohexane 300 J Z J,l 3.19 
cyclohexene 300 = 375 3.44 
rl^Ptan: 5GG 85 440 400 500 l'fo 
1 r r , 500 100 510 50 o l l methylcyclohexane 500 - ^ ^ ^ 3 . ¾ 
n , 500 75 385 S ^ :.S; 
; T 1000 120 610 600 750 ^95 
toluene 200 300 500b 100 200C 100. 150(sk1n) ^ 7 7 
^The ACGIH recoTTOendation for other hexane isomers is: TLV 500 STEL 1000 ‘ 
^Maximum duration 10 min in 8 hr. ’ 
ciO"fnin sample. 
*ACGIH: suspect, carcinogen i 
Table 3. Sampling flowrate^, volume, capacity, range, overall bias and precision [2-4, 12]. 
Breakthrough Range 
8 - 1 " ^ ¾ Volume at at oyerall 
Fl^^rate _ V o l u m e (L) Concentration VOL-NOM ^ ~ ~ ~ P r e c i s i o n 
S u b s t ^ (L/min) VOL-NOf1 V O L ^ t ) (L) (mg/m” ( m g / m 3 ) ⑴ （$一 
ben^e^e ^0.20 2^ 30 >45 149.1 41.5 - 165 0.8 0.059 
cyc o f ^0.20 2.5 5 7.6 1650 510 - 2010 5.4 0.060^ 
cyclohexene ^0.20 5 7 10.4 2002 510 - 2030 9.0 0 073 i 
n_^ptane 幼.20 4 4 6.1 4060 968 - 4060 «6.5 0:056 
n-hexane 幼.20 4 4 5.9 3679 877 - 3679 -3.8 0 062 I 
methylcyclohexane ^0.20 4 4 6.1 3941 940 - 3941 5 5 0 052 | 
rw)Ctane ； 幼 . 2 0 4 4 6.5 4612 1050 - 4403 -5.2 0:060 ‘ 
n-pentane . ^0.05 2 2 3.1 5640 1476 - 6190 -9.7 0.055 
toluene 邻.20 2C 8 11.9 2294 548 - 2190 3.8 0.052 
^Minimum recommended flow is 0.01 L/min. 
^Approximately two-thirds the breakthrough volume. 
ciO"flfiin sample. 





— . i s n n HYDROCARBONS, BP 36-126 C^ | 
Table 4. Measurement range, precision, and chronatographic conditions [2^,12]. 
Column Parameters*^ ； 
- Heasurement^ Carrier Dia-
Range~Precision Gas Flow t Length meter 
Substance (mg) (Sp) (mL/min) (**C) (m) ^ ) _ Packing^ 
^^^^^,^,,,^^^m^mm - ^ " . « ‘ " ' ^ " ' " " " " ' ^ " ' " ^ * " " " " " " 
benzene 0.094.35 0.036 N? 50 115 0.9 3.2 A 
cyclohexane 1.3-5.3d 0.024 N〗 50 ?10 1.2 6.4 B 
cyclohexene 2,4 - 9.7^ 0.021 N? 50 205 1.2 6,4 B 
n ^ t a n e 4.08-16.3 0.016 He 30 80 3.0 3.2 C 
n ^ x a n e 3.56-14.5 0.014 He 30 52 6.1 3.2 D 
methy1cyc1ohexane 3.98-16.1 0.012 He 30 55 6.1 3.2 D 
n~octane 4.75-18.9 0.009 He 30 52 6.1 3.2； D 
n ^ n t a n e 2.98-11.8 0.014 He 30 52 5.1 3.2 D 
toluene 1.134.51 0.011 N? 50 155 0.9 3.2 B 
_ ^ ^ ^ _ ^ ^ ^ ^ _ _ ^ , . - ^ ^ ^ - ^ ^ , ^ ^ i ^ w ^ ^ ^ - ^ ^ - - i ^ ^ ^ - i - - - ' - ' ^ ^ ^ ^ ^ ii — ^ ^ ~ " " • " " • — 
Mnjection volume, 5.0 yL; desorption volume, 1.0 mL, except cyclohexane and cyclohexene, 
0.5 mL. 
bAil columns stainless steel. Diameter is outside dimension. 
CA, 50/80 mesh Porapak P; B, 50/80 mesh Porapak Q; C, 10% OV-101 on 100/120 mesh 
Supelcoport; D, 101 FFAP on 80/100 mesh Chromosorb W AW-DMCS. 
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AIR SAMPLING WORKSHEET 
1. Date • • • • • • 
. I 
2. Time  
3. Company Serial Number • • 口 
4. Sampled By  
5. Weather Conditions (Sunny / Cloudy / Rainy) 
6. Temperature (Indoor) (Outdoor) 
7. Pressure  
i 
8. Workshop operating condition (Printing / Not Printing) 
9. Number of printing machines operating  
10. Photo(s) : Yes / No 
11. Sample Type (Personal / Background) 
Workers‘ Information 
ill. Job Title i i ^ j 
I (Description)丨 | || 
12. Chemical Used j 丨 丨  
II (Mainly) i 丨 丨  
！ ！ I I 




I I  
I II 
, h r ^ 1 I  
Il3. Exposure 丨 | || 
I I Frequency I 丨 | | 
14. PPE Used I I | j 





1 ^  
11» Sample Number j j | j | ~ ^ ^ ^ j 
12. Pump Number~~~| | | | | } j j j | 
13. Tube Number | | 
1 1 1 I  
14. Sample Type | | | | | 1 ‘~~ 
I I I II 15. Time On j! I I 1 1  16. Time Off | | 
II 1 1 1  
17. T o t a l Time | | | | j j 
II ( in minutes) | | | | | | | | jj 
18. Flow Rate | | ! 
I (cc/min) i i I I 丨 丨 丨 1 II 
19. Volume | | | ！ ! 
II ( in l i t e r s ) | | | | | | | j ][ 
I! — I I — ^ = = = I I I I I ;| 
1110, C o n c e n t r a t i o n | | 丨 j j j j 丨 n 
II Benzene i | | | 丨 丨 | 丨 丨  
II ———i 1 1 I i 1 1 I II 
I n _ h e x a n e 丨 | j j | j 丨 | 丨  I I 1 1 1 1 i 1 1 I II 
II T o u l e n e 丨 | 丨 丨 I 1丨 
I 1 1 i 1 1 I I I II 
II I s o - p r o p y l 丨 丨 j I 丨 丨 丨 II 
II Alcohol I 丨 丨 丨 丨 丨 ： 
I— ‘ ‘ I I I I I I i[ 
Calibration Record 
iil. Pump Number i 丨""" 1 j j j """"" i i ji 
1 1 1 1 1 i 1 I I 1 12. Pre-sampling � | | j � � 
I Flow Rate | 丨 丨 | 丨 丨 | 丨 丨  
I  (Bubble s o a p )丨 | j j | | 丨 丨 | II I 1 1 1 1 1 I I II 
113. Pre-sampling 丨 丨 j 丨 j 丨 | | | 
I Flow Rate 丨 | 丨 | | I 丨丨！ 
II (Panel； S i t e )丨 | 丨 | 丨 丨 I 
II 1 1 1 1 1 I I 1 1 I 
114. Post-sampling 丨 丨 | 丨 丨 丨丨! 
II F l o w R a t e | i | | | | 1 | 
I  (Panel; S i t e )丨 丨 丨 丨 丨 | 丨 丨 
I  1 1 1 1 1 1 1 1 i 115. Date 丨 丨 丨 丨 丨 | 丨 | jj 
I 1 1 1 1 1 i 1 1 1 116. Remarks ： 丨 丨 | 丨 | 丨 丨 || 
! ! ! ！ ！ ! I ！ 丨 11 
I I i I I ： 
I I I I I I I I I II ‘ 
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